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1. REAL PARTY IN INTEREST 

The real parties in interest are Nektar Therapeutics and Wyeth. 
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2. RELATED APPEALS AND INTERFERENCES 

Appellants know of no other appeal or interference that will directly affect, or be directly 
affected by, or that will have a bearing on the Board's decision in the pending appeal. 
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3. STATUS OF CI ATMS 



Claims 29, 32-33, 36-37 and 40 are currently pending, and were rejected in the Final 
Office Action, October 26, 2007. Amendments were submitted in a Response to Office Action, 
December 21, 2007. The amendments were entered, pursuant to the Advisory Action, January 
11, 2008, but all claims remained rejected. Therefore, no amendments are pending, and a clean 
copy of the pending claims are submitted in APPENDIX A. 
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4. STATUS OF AMENDMENTS 

Amendments were submitted in a Response to Office Action, December 21, 2007. The 
amendments were entered, pursuant to the Advisory Action, January 11, 2008, and no further 
amendments are outstanding. 
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5. 



SUMMARY OF CLAIMED SUBJECT MATTER 



The invention is directed to methods of treating hemophilia. The current treatment 
requires frequent injections of the clotting Factor IX, herein known as FIX. The current 
treatment, however, has serious drawbacks. 

First, injected or intravenous medications are unpleasant for the patient, requiring the use 
of needles. Additionally, the method is inconvenient because one typically must go to a clinic in 
order to obtain treatment. More seriously, the pharmacokinetics of intravenous FIX (see Figure 
8, attached at Appendix B, Exhibit 1) are sub-optimal, resulting in a large initial dose of FIX, 
which can result in serious complications and even death due to inappropriate clotting. Then, the 
FIX is cleared very quickly from the bloodstream (Figure 8), necessitating frequent 
administration or restriction to administration on demand (e.g., when bleeding occurs). 

The inventors have improved FIX treatment in many respects with the development of an 
inhaled form of FIX. The inhaled FIX avoids the use of needles and is much more convenient 
for the patient. Prior to the invention herein, no-one had ever successfully administered FIX by 
inhalation, and its successful delivery was a surprise, since the prior art inhaled proteins were all 
of significantly smaller size. (See Specification J 18-24.) This is the first demonstration of 
inhaled delivery of FIX, and the first time a protein this large has been successfully delivered via 
the lung. 

The only other person that tried to develop an inhaled FIX was unsuccessful because 50% 
of the FIX was denatured during the process (see Gupta, Appendix B, Exhibit 2). Lechuga 
developed a dry powder FIX, but failed to test the FIX powder for enzymatic activity or use it in 
any treatment method (See Lechuga at Appendix B, Exhibit 3). 

Inhaled FIX has surprisingly improved pharmacokinetics over the intravenous form. 
Inhaled FIX surprisingly avoids the large initial bolus of FIX, and provides steady state FIX 
levels for more than 100 hours (See Figure 8). Therefore, the inhaled FIX of the invention can 
be used prophylactically, e.g., to prevent bleeding episodes with a convenient inhaled form of the 
drug. (See Specification 22.) Not only does the FIX last longer, but it is safer for regular use 



HOUDMS/223303.1 



7 



since the large bolus of clotting factor is avoided. 

More particularly, the invention relates to a method of preventing hemophilic bleeding in 
advance of a bleeding event by aerosolizing a monomeric FIX, wherein the aerosolized 
monomeric FIX has a mass median aerodynamic diameter of between 2 and 4 um, a fine particle 
fraction less than 3.3 um of at least 50%, is at least 90% monomeric, wherein the after- 
aerosolization activity/pre-aerosolization activity is at least 80%, and is a dry powder having less 
than 10% water (wt/wt) (and lacks ethanol). The aerosolized monomeric and active FIX is 
slowly maximally inhaled by the patient, allowing the FIX to deposit in the deep lung tissue such 
that it is sequestered to provide sufficient FIX to prevent bleeding for at least 100 hours after 
administration. This methodology allows dosing on a weekly basis. (See claims 1, 33 and 37 and 
40; Specification 1 21-24.) 

Additionally, the invention relates to treatment methods using aerosolized monomeric 
active FIX that was prepared by diafiltering concentrated FIX solution to approximately 12 
mg/ml, spray drying the diafiltered solution between 40-60 psi, and 60-70°C at 5 ml/min and 
approximately 17.8 standard cubic feet per minute. The spray dried active monomeric FIX is 
then transferred to a sealed storage container at less than 5% relative humidity. (See claims 32 
and 36 and Example 2.) 

Even more particularly, the invention relates to pending claims 29, 32-33, 36-37 and 40. 
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6. 



GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



All claims are rejected as obvious under 35 U.S.C. § 103 over Lechuga (attached at 
Appendix B, Exhibit 3), which teaches a dried FIX powder having the recited MMAD. All 
other recited claim elements are argued to be inherent to Lechuga. Examiner also cites Huang 
(attached at Appendix B, Exhibit 4) for teaching diafiltration of FIX, and Kurachi (attached at 
Appendix B, Exhibit 5) for teaching that the natural in vivo form of FIX is monomelic. 
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7. ARGUMENT 

Claims 29, 32-33, 36-37 and 40 are currently pending. 



A. PRIMA FACIE OBVIOUSNESS CASE 

The prima facie obviousness burden lies on the Examiner to show at least the following: 
1) that the art teaches every element of the claimed invention, 1 2) that there is a motivation to 
combine or modify the art, 2 and 3) that there is a reasonable expectation of success in making 
that combination or modification. While the expectation of success need not be absolute, there 
does need to be a reasonable expectation of success. Takeda Chem. Indus, v. Mylan Labs., Inc., 
417 F. Supp. 2d 341, 371 (Fed. Cir.2006) ("While a reasonable expectation of success must be 
shown, in order to show prima facie obviousness it is not necessary to show that success was 
absolutely predictable."); In re Vaeck, 947 F.2d 488, 493 (Fed. Cir. 1991) (discussing the 
obviousness case and stating that one element is "whether the prior art would also have revealed 
that . . . those of ordinary skill would have a reasonable expectation of success."). 

If the prima facie case is made, it can be rebutted by showing long felt need, commercial 
success, unexpected results, 4 or teaching away. See e.g., KSR Int'l Co. v. Teleflex Inc., 127 S. Ct. 
1727, 1734, 1740 (2007). 



1 See e.g., MPEP 2143.03 ("All Claim Limitations Must Be Taught or Suggested"). 

2 KSR did not negate the motivation to combine test, but only cautioned against its rigid 
application. KSR Int'l Co. v. Teleflex Inc.,\21 S. Ct. 1727, 1741 (U.S. 2007) ("When it first 
established the requirement of demonstrating a teaching, suggestion, or motivation to combine 
known elements in order to show that the combination is obvious, the Court of Customs and 
Patent Appeals captured a helpful insight. ... a patent composed of several elements is not 
proved obvious merely by demonstrating that each of its elements was, independently, known in 
the prior art.. . . it can be important to identify a reason that would have prompted a person of 
ordinary skill in the relevant field to combine the elements in the way the claimed new invention 
does."). 

3 See also MPEP 2143.02 entitled "Reasonable Expectation of Success Is Required". 

4 Takeda Chem. Indus, v. Mylan Labs., Inc., All F. Supp. 2d 341, 371 (Fed. Cir.2006) ("While a 
reasonable expectation of success must be shown, in order to show prima facie obviousness it is 
not necessary to show that success was absolutely predictable."); In re Vaeck, 947 F.2d 488, 493 
(Fed. Cir. 1991) (discussing the obviousness case and stating that one element is "whether the 
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B. SEQUESTRATION AND DOSAGE ELEMENTS MISSING 



Examiner has failed to cite any art describing the missing elements "allowing said 
monomeric FIX to deposit in the deep lung tissue such that said monomelic FIX is sequestered in 
said deep lung tissue" and "providing sufficient FIX to prevent bleeding for at least 100 hours 
after administration." Examiner cannot cite to art teaching sequestration or 100 hour dosing 
because these elements did not exist prior to Applicants invention. Prior to Applicants invention 
the dosing regime was much more frequent due to the rapid clearance of FIX from the blood, and 
sequestration of FIX did not exist. 

Even in the wake of KSR Int'l Co. v. Tele/lex Inc. (127 S. Ct. 1727 (U.S. 2007)), 
Applicants know of no legal principle that suggests that a prima facie case can be maintained 
where two claimed elements are not found in the prior art. Thus, in the absence of these 
elements, the obviousness rejection cannot be maintained because the prima facie case is not 
made. 



C. SEVERAL MISSING ELEMENTS 

In addition to the sequestration and dosage elements, the following elements are also not 
found in the cited art: 

i) preventing hemophilic bleeding in advance of a bleeding event 

ii) at least 90% monomeric after-aerosolization 

iii) 80% activity retained after-aerosolization 

iv) does not have ethanol 

v) slowly maximally inhaling 5 

All of these elements are merely assumed to exist in Lechuga or are allegedly obvious 
based on Lechuga, even though the formulation taught therein is not identical and even though 



prior art would also have revealed that . . . those of ordinary skill would have a reasonable 
expectation of success."). See also, MPEP 716.02 (a) ("Evidence of unobvious or unexpected 
advantageous properties, such as superiority in a property the claimed compound shares with the 
prior art, can rebut prima facie obviousness."). 

5 Examiner argues that because Applicants have shown that "slowly maximally inhaling" is a 
well understood term, that no references need be provided to show this element. This conflates 
defmiteness with obviousness and under this standard anything written in "plain English" would 
be obvious. See Advisory Action, 1/1 1/2008, p. 2. 
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Lechuga goes no further than making a dried powder, and neither tests its activity, nor uses it in 
any treatment. 

D. KURACHI IRRELEVANT 

It is possible that Examiner no longer maintains the rejection based in part on Kurachi, 
since Kurachi is not mentioned in the Advisory Action. To the extent that this Examiner 
continues to rely on Kurachi, it is distinguished as discussing in vivo FIX. In vivo structure tells 
us nothing about what the dried, aerosolized FIX will look like and it is a well known fact that 
many proteins clump or otherwise deteriorate on such treatment. 6 Therefore, Examiner's 
assertion that dried, aerosolized FIX is a monomer based on the teachings of Kurachi is not 
logical. 

Further, since Kurachi discusses in vivo activity, there is no reason to combine it with the 
teaching of Lechuga, which is directed to powdered proteins. 

E. HUANG TEACHES AWAY 

Examiner cites Huang for teaching the routine nature of FIX diafiltration. Huang is 
actually directed to stabilizing FIX using salts ("The present invention is based upon the 
recognition that water-soluble organic and inorganic salts can be used to protect factor IX from 
proteolysis . . .")• m fact > Huang compares his method directly against a method including 



See e.g., Gupta, et al, Pulmonary Delivery of Human Protein C and Factor IX Oxygen 
Transport to Tissue XVIII, Chapter 55, p. 429-435 (1997) ("Formulation of proteins into MDI's 
[metered dose inhalers] and DPI's [dry powder inhalers] is a formidable task because 
dehydration and subsequent communition of proteins to produce powders in the size range 
suitable for inhalation may lead to loss of activity.") (emphasis added); Choi et al., Inhalation 
delivery of proteins from ethanol suspensions, Applied Biological Sciences 98(20): 1 1 103-1 1 107 
(2001) ("protein powders, at least as conventionally made, are liable to clump formation"); 
Huang, et al, US6280729 ("most purification procedures result in considerable proteolytic 
activation and/or degradation of factor IX") (Exhibits 2 and 4). 
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diafiltration, and concludes that his high salt method is much improved (see Table 1 and 
discussion at Example 2). Thus, Huang fairly be said to teach away from diafiltration. 7 



Huang also teaches the difficulty in preparing pure active FIX. Huang states that "most 
purification procedures result in considerable proteolytic activation and/or degradation of factor 
IX." (col. 5, lines 14-16). 

Neither Huang, nor the other cited art, teach the specific recited conditions of diafiltering 
concentrated FIX solution to a concentration of approximately 12 mg/ml, spray drying at 40-60 
psi and 60-70°C at 5 ml/min and 17.8 standard cubic feet per minute and transferring spray dried 
FIX to a sealed storage container at less than 5% relative humidity. Lechuga does not provide 
spray drying conditions, except to say that spray drying can occur between 30-200°C (page 17, 
line 31 to page 18, line 3), nor does it provide any details about FIX preparation and 
aerosolization, except to say that it is spray dried and provided ingredients (Example 7 at page 
44). Therefore, at the very least, claims specifically recited preparation conditions not taught in 
the prior art should be allowable. 

Further, since Huang discusses preparation of liquid FIX, there is no reason to combine it 
with the teaching of Lechuga, which is directed to powdered proteins. 

F. FORMULATIONS NOT IDENTICAL, THUS RECITED ELEMENTS STILL 
MISSING 



Examiner asserts that the observation of unknown properties of the Lechuga formulation 
are not novel. However, the preparation method of Lechuga is not provided and the formulations 
are not identical: 



Lechuga 


Closest Formulation Described in 10/820,656 


37% FIX, 3% NaCitrate, 60% Leucine 


32.6% FIX, 7.4 % NaCitrate, 60% Leucine 


56% FIX, 4% NaCitrate, 40% Trileucine 


52.6% FIX, 7.4 % NaCitrate, 40% Trileucine 



One cannot assume that the Lechuga FIX has the requisite properties because the 
formulations were not identical and the preparation method unknown. There is simply no way 



7 See also, Huang, col. 4, lines 47-50 (method of US4447416 including diafiltration "leads to a 
factor IX product in which less than 10% of the protein is factor IX, more than 90% of the 
material consisting of contaminating protein species."). 
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to get from Lechuga to an aerosolized FIX having the recited characteristics and providing 
sequestration and at least 100 hrs of dosing per the recited treatment claims without several 
assumptions and these assumptions cannot be properly made under established inherency 
principles (as shown below). 

G. INHERENCY USED TO PROVIDE SEVEN MISSING ELEMENTS 

Inherency can be used to supply a missing element that is not expressly taught in the art, 
but which nonetheless must be present and would be so understood to be present in the prior art. 
Astra Aktiebolag v. Andrx Pharms., Inc., 483 F.3d 1364, 1373 (Fed. Cir. 2007) ("a prior art 
reference without express reference to a claim limitation may nonetheless anticipate by 
inherency."); EMI Group N. Am., Inc. v. Cypress Semiconductor Corp., 268 F.3d 1342, 1350 
(Fed. Cir. 2001) ("A prior art reference anticipates a patent claim if the reference discloses, either 
expressly or inherently, all of the limitations of the claim.") (cite omitted). 

However, Applicants know of no case where inherency was used to provide at least 
seven of eleven claimed elements: 
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# 


Claimed Invention Per Claim" 


Lechuga 


1. 


Preventing hemophilic bleeding in 
advance of a bleeding event 


General treatment use suggested ("useful in the treatment of 
hemophilia B"), BUT "advance" or "prophylactic" treatment not 
taught or exemplified 


2. 


Aerosolizing monomeric Factor IX 
(FIX) 


See Table 1 5 showing powdered FIX (does not show monomer, 
see 90% monomer element below) 


o 
O. 


IVMVIrUv OT UclWccll ^. dllU *t (Jill 


Cqq To V\ I o A chr\iA#irtfi that r\A\A/rloroH FIY hoc O A h/llV/IAPl 
Occ I dUIC \D oNUWIIiy 11 leu LiUWUcIcU ilA lido £ *-v IVIIVIML/ 


4. 


FPF % < than 3.3 urn of at least 

OU /o 


Lechuga teaches FPF generally, but not in relation to FIX and 

Klf^T tho como qc that ploimorl "Tho nn\A/Horc rvf tho i n\/ontion 
liUI LI It; bdl lie do LI Id I Uldll 1 loU. 1 1 It; LiUWUcI o Ul LI It? II IvtM ILIUI 1 . 

. . possess FPF values ranging from about 35%-85%. Such 

nnu/Horc r»r\ntain at looct ahruit norpont rvf oprncnl nartir*lo 
pUWUd O V/UI ILdlll dl lt?dol dUUUL OO (JCI W»Cl 11 Ul dClUoUl \Ja\ 11 Is It? 

sizes below 3." 


5. 


90% monomeric 


Aerosolized monomers neither taught nor mentioned in 
Lechuga 


6. 


After-aerosol ization activity is at 
least 80% 


Post-aerosol activity neither taught nor mentioned in Lechuga 


7. 


Less than 1 0% water (wt/wt) 


Water content of FIX neither taught nor mentioned in Lechuga, 
but Lechuga states generally that the moisture content of a dry 
powder is low ('"Dry powder' refers to a powder composition 
that typically contains less than about 20% moisture... most 
preferably contains less than about 3% moisture, depending 
upon the particular formulation."). Therefore, unknown FIX 
waier conieni may ue nigner man max ciaimeu. Lecnuga aiao 
teaches the use of liquid formulations that are preferred ("The 
compositions described herein may be in powdered form or 
may be flowable liquids. Liquid formulations are preferably 
solutions in which the active drug is dissolved in a solvent 
(e. g., water, ethanol, ethanol-water, saline)"). 


8. 


Does not have ethanol 


Ethanol content of FIX not taught. Instead teaches away 
("Liquid formulations are preferably solutions in which the active 
orug is uissoivea in a soivem \g. g., waier, einanui, ciiiaiiui- 
water, saline)", also "The aqueous formulation may optionally 
contain additional water-miscible solvents, such as acetone, 
alcohols and the like."). However, Applicants have shown that 
mis uegraoes riA, ano inus avuiuaiioti or mnanui io a uianiicu 
element. 


9. 


Slowly maximally inhaling 
aerosolized monomeric FIX 


Slow maximal inhalation is not neither taught nor mentioned in 
Lechuga. Inhaled delivery of drugs in general is taught, but 
slow maximal inhaled delivery of aerosolized monomeric FIX to 
lungs is not taught. 


10 


Allowing said monomeric FIX to 
deposit in the deep lung tissue 
such that said monomeric FIX is 
sequestered in said deep lung 
tissue 


Single statement regarding delivery to the "deep lung" is 
present, but not in relation to FIX, nor is sequestration in the 
lung taught or mentioned in Lechuga. 


11 


To provide sufficient FIX to 
prevent bleeding for at least 100 
hours after administration. 


100 hour dosage neither taught nor mentioned in Lechuga. 
Prior art teaches frequent use. See BeneFix package insert. 



Only claim 1 is used herein for brevity, but the exercise could easily be repeated with every 
other claim and Applicant does not imply thereby that the remaining claims stand with claim 1 . 
Each must be examined on its own merit. 
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Thus, Examiner assumes seven of eleven elements are present based on the inherent 
teachings of Lechuga. This seems to be stretching inherency principles to near invisibility. 



H. ALLEGEDLY INHERENT ELEMENTS NOT "NECESSARILY PRESENT" 

Inherency cannot be based on what might or might not be present. In re Oelrich, 666 
F.2d 578, 581-82 (C.C.P.A. 1981) ("To establish inherency, the extrinsic evidence 'must make 
clear that the missing descriptive matter is necessarily present in the thing described in the 
reference . . . Inherency, however, may not be established by probabilities or possibilities . . .") 
(emphasis added). Here, since the formulations are not identical and the method of preparation 
not described, one cannot assume that the requisite properties were in fact present. There is 
simply no basis to assume that the powder of Lechuga has all of the recited characteristics and 
would be sequestered in the lung sufficient to provide for at least 100 hours of dosing. 

I. ASSUMPTIONS NOT REASONABLE 

Examiner asserts that the formulations of Lechuga are "substantially the same" and that 
"Lechuga' s FIX dry powders are deemed to have the same properties." 9 Even though the cited 
art shows that drying powders causes degradation 10 and that the only prior attempt to aerosolize 
liquid FIX resulted in 50% denaturation, 11 the Examiner argues that he "reasonably expected that 
the prior art compositions upon administration by inhalation would exhibit the same depot 
effect." Until the Examiner declares under oath that such alleged facts are true, these statements 
are mere argument, and can be (and have been) rebutted by competent evidence (prior art 
publications) proving that the art is not as predictable as assumed by the Examiner. 

9 Office Action, 10/26,2007, p. 6 (emphasis added). 

10 See e.g., Gupta, et al, Pulmonary Delivery of Human Protein C and Factor IX Oxygen 
Transport to Tissue XVIII, Chapter 55, p. 429-435 (1997) ("Formulation of proteins into MDI's 
[metered dose inhalers] and DPI's [dry powder inhalers] is a formidable task because 
dehydration and subsequent communition of proteins to produce powders in the size range 
suitable for inhalation may lead to loss of activity.") (emphasis added); Huang, et al, 
US6280729 ("most purification procedures result in considerable proteolytic activation and/or 
degradation of factor IX") (Exhibits 2 and 4). 

11 Gupta, et al, Pulmonary Delivery of Human Protein C and Factor IX Oxygen Transport to 
Tissue XVIII, Chapter 55, p. 429-435 (1997) ("in the process of being aerosolized human Factor 
IX is 50% denatured at the air water interface.") (emphasis added). 



HOUDMS/223303.1 



16 



J. BURDEN IMPROPERLY SHIFTED 

Examiner has improperly shifted the burden to Applicants to prove that two non-identical 
formulations are not the same. 12 This is incorrect because to establish an inherent property, 
Examiner must first show that the property is necessarily present. In re King, 801 F.2d 1324 
1327 (Fed. Cir. 1986) (after the PTO establishes a prima facie case of anticipation based on 
inherency, the burden shifts to appellant to 'prove that the subject matter shown to be in the prior 
art does not possess the characteristic relied on.'"). 13 

K. COMPETENT EVIDENCE NOT PROVIDED 

The Examiner failed on repeated request to provide a Declaration under penalty of law 
that the Lechuga formulation possesses all properties identical to those claimed. Therefore, 
Examiner's speculation as to the similarity of the formulations is mere argument, not fact. Fiers 
v. Revel, 984 F.2d 1 164 (Fed. Cir. 1993) (holding that "the Board did not err in determining that 
Fiers presented no convincing evidence" where applicant only showed "argument ... 
'unsupported by competent evidence, entitled to little or no weight . . ."'); In re Juillard, 476 
F.2d 1380 (C.C.P.A.) ("arguments cannot take the place of evidence"); Brand v. Miller, 487 F.3d 
862, 868-69 (Fed. Cir. 2007) ("findings of fact by the Board must in all cases be supported by 
substantial evidence in the record ... in the context of a contested case, it is impermissible for 
the Board to base its factual findings on its expertise, rather than on evidence in the record.") 
(citation omitted); Enzo Biochem v. Gen-Probe, Inc., 424 F.3d 1276, 1238 (Fed. Cir. 2005) 
(stating in summary judgment context that "mere arguments ... are insufficient to satisfy its 
burden of coming forward with evidence") (emphasis added). 



12 Additionally, it is not possible to recreate the powder of Lechuga because the methodology is 
not provided. 

13 See also, In re Simpson, 102 Fed. Appx. 675, 678 (Fed. Cir. 2004) (non-precedential) ("the 
existence of the same structural elements in Rilitz gave both the examiner and the Board a 
reason to believe that these elements could perform the same functions claimed by Simpson. The 
burden therefore shifted to Simpson to disprove inherency."). Here, the formulations are not the 
same, and the burden cannot be prematurely shifted. 
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Applicants challenge all assumptions as not properly Officially Noticed, nor supported by 
Declaration as required by 37 CFR 1.104(d)(2) 14 and under Brand v. Miller and other cited 
Federal Circuit cases. See also MPEP 2144.03. 15 

L. OBVIOUSNESS CASE NOT PROPERLY BASED ON UNKNOWN INHERENCY 

Even if the formulations were identical, it is not proper to make an obviousness case 
based on unknown inherent properties of the Lechuga formulation. In re Rijckaert, 9 F.3d 1531, 
1534 (Fed. Cir. 1993) ("That which may be inherent is not necessarily known. Obviousness 
cannot be predicated on what is unknown.") (citations omitted). 

It was not known under Lechuga that any formulation of FIX could be sequestered and 
thus produce at least 100 hrs of dosing. It could not be predicted from Lechuga because Lechuga 
never used an aerosol to treat an animal or patient, much less to produce the sequestration effect 
allowing for less frequent dosing. The prior art pharmacokinetics also teach away — e.g., that 
FIX is rapidly cleared. 

The dog study performed by inventors and shown in Example 1 of the specification 
shows proof of concept — that FIX can be absorbed when a liquid FIX is deposited on the back of 
the throat. However, it does not show FIX deposition in the deep lung, nor sequestration, nor 
100 hour dosing. 

Assuming both sequestration and 100 hour dosing is a clear application of hindsight 
reasoning. KSR Int'l Co. at 1742 ("A factfinder should be aware, of course, of the distortion 
caused by hindsight bias and must be cautious of arguments reliant upon ex post reasoning."). 
As such, and without any support, these assumptions are both arbitrary and capricious. 



14 Id. ("When a rejection in an application is based on facts within the personal knowledge of an 
employee of the Office, the data shall be as specific as possible, and the reference must be 
supported, when called for by the applicant, by the affidavit of such employee, and such 
affidavit shall be subject to contradiction or explanation by the affidavits of the applicant and 
other persons."). 

15 Id. ("It is never appropriate to rely solely on 'common knowledge' in the art without 
evidentiary support in the record, as the principal evidence upon which a rejection was based."). 
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M. PRIOR ART TREATMENTS TEACH AWAY 



Examiner states that "Examiner does not understand Applicants arguments as to why the 
difference between intravenous administration of Factor IX is relevant to overcoming the prima 
facie obviousness case." 16 

The only treatment for hemophiliacs available today is intravenous based treatment. 
Thus, this is the closest prior art relating to the claimed treatment method and it clearly teaches 

1 7 

away from both sequestration and 100 hour dosing (See Figure 8). 

N. GUPTA TEACHES AWAY 

Examiner states that "the problems associated with the nebulization of aqueous solutions 
of proteins (e.g. Factor IX) are irrelevant with regards to the suggested method of Lechuga." 
However, Gupta 18 is the only prior art effort to aerosolize FIX and determine its subsequent 
activity. Gupta is relevant because it is the closest prior art related to the recited activity element 
(at least 80%). Yet Gupta teaches that the FIX was denatured when aerosolized. Even though 
Gupta teaches activity loss in liquid FIX, the formulation made by the inventors is also liquid 
prior to being dried, and the potential for loss of activity is similarly present. Indeed, many 
protein treatments are known to cause activity loss, 19 and based on this and the teachings of 



16 Office Action, 10/26/2007, p. 8. 

17 See, e.g., BeneFix package inserts at http://www. wyeth. com/ content/ShowLabeling. asp?id=92 
or http://www.fda.gov/cber/label/cfixwve071 1061b.pdf showing 18.8 ± 5.4 or 20.2 ± 4.0 hour 
half lives and recommending 12-24 hour dosing. See also Fig. 8 in the specification showing 
head-to-head comparison of pharmacokinetics of IV versus inhaled FIX (Exhibit 1). 

18 Lechuga fails to demonstrate the activity or form of spray dried FIX — thus, Lechuga also fails 
to establish a reasonable expectation of success. 

19 See e.g., Gupta, et ai, Pulmonary Delivery of Human Protein C and Factor IX Oxygen 
Transport to Tissue XVIII, Chapter 55, p. 429-435 (1997) ("Formulation of proteins into MDI's 
[metered dose inhalers] and DPI's [dry powder inhalers] is a formidable task because 
dehydration and subsequent communition of proteins to produce powders in the size range 
suitable for inhalation may lead to loss of activity.") (emphasis added); Huang, et al, 
US6280729 ("most purification procedures result in considerable proteolytic activation and/or 
degradation of factor IX") (Exhibits 2 and 4). 
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Gupta, it is arbitrary and capricious to assume protein activity in the absence of any proof of 
same. 



O. UNEXPECTED RESULTS FOUND IN SEQUESTRATION 

Even if the prima facie case were made, Applicants have provided competent evidence of 
unexpected results in the sequestration effect (see Figure 8 showing IV profile with very high 
initial dose and rapid loss, as well as inhaled profile with dose remaining constant for at least 1 00 

20 

hrs). See also BeneFix package insert confirming the rapid clearance of FIX in the prior art. 

The pharmacokinetic profile of inhaled FIX is a significant (and surprising) improvement 
over the intravenous FIX profile because it avoids the large initial dose and thus clotting 
difficulties due to the initial high dose of FIX (see e.g., BeneFix package insert 21 noting that "use 
of factor IX complex concentrates has historically been associated with the development of 
thromboembolic complications") 22 , and because the dose remains constant for at least 100 
hours. Further, based on the surprisingly flat pharmacokinetics shown in Figure 8, one would 
expect that the FIX would remain sufficiently high to prevent excess bleeding for at least one 
week. Thus, the clinical importance of this unexpected effect is also shown. This unexpected 
(and claimed) effect is sufficient to rebut a prima facie case of obviousness. 

P. EXAMINER SUMMARILY DISMISSES HEAD-TO-HEAD DATA 



See e.g., http://www.wveth.com/content/ShowLabeling.asp?id=92 or 
http://www.fda.gov/cber/label/cfixwve071 1061b.pdf (two slightly different BeneFix package 
inserts providing half lives of 18.8 ± 5.4 hours or 20.2 ±4.0 hours). 

21 E.g., http ://www. wveth. com/content/ShowLabeling. asp?id=92 . 

22 See also, Astrid van Hylckama Vlieg, et al, High levels of factor IX increase the risk of 
venous thrombosis, Blood, 95(12):3678-3682 (2000) (emphasis added); Huang, et al. 
US6280729 ("Oversupply of one or more substances, particularly activated coagulation factors, 
may lead to unwanted coagulation. . . There are numerous reports in the literature on the 
adverse clinical consequences of administering prothrombin complex concentrate (or other factor 
IX concentrates) contaminated with factor IXa and/or with active or degraded forms of other 
clotting factors. The most serious risk is the inadvertent activation of the clotting cascade. 
Deaths have been documented.") (emphasis added) (see Exhibit 4). 
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Examiner summarily dismisses the evidence of unexpected results as "off point" since its 
relates to IV and not inhalation treatments. However, the BeneFix package inserts showing an 
1 8-20 hr half life is the closest prior art relating to the treatment element, and Examiner has not 
cited any other prior art showing treatment. 23 It is procedurally incorrect to summarily dismiss 
all prior art that unfortunately teaches away from the invention as "off point." 

Further, the pharmacokinetic data is reproduced by inventors in a head-to-head 
measurement of IV versus inhalation pharmacokinetics — data even the FDA would accept in 
making a direct drug comparison claim. There is no rationale basis for ignoring this data, and its 
summary dismissal is both arbitrary and capricious. 

Q. PRIOR ART AND IN VIVO DATA PROVIDE COMPETENT EVIDENCE 

Applicants have shown published statements by Gupta and others in the field 
evidencing no reasonable expectation of success and in vivo head-to-head comparative data 
showing unexpected effects, thus rebutting the prima facie case. Competent rebuttal evidence 
taken as a whole should be weighed against the evidence supporting the prima facie case. In re 
Piasecki, 745 F.2d 1468, 1472 (Fed. Cir. 1984). See also MPEP 716.01(d) ("All of the 
competent rebuttal evidence . . . should be weighed") (emphasis added). 

In this case, there is no competent evidence for the opposing case, which is only based on 
argument and assumption by the Examiner. 

Thus, as a matter of law the unsupported rejections should be withdrawn. Brand v. 
Miller, 487 F.3d 862, 868-69 (Fed. Cir. 2007) ("findings of fact by the Board must in all cases be 
supported by substantial evidence in the record ... in the context of a contested case, it is 
impermissible for the Board to base its factual findings on its expertise, rather than on evidence 
in the record.") (citation omitted); In re Pearson, 494 F.2d 1399, 1405 (CCPA 1974 ("The fatal 
defect in this argument is that there is no competent evidence . . . argument in a brief cannot take 
the place of evidence.") (citation omitted); Truswal Systems Corp. v. Hydro-Air Engineering, 
Inc., 813 F.2d 1207, 1211 (Fed. Cir. 1987) ("We reject the unsupported statements . . ."). 

23 Lechuga does not show inhalation treatment with FIX, but only states what was already 
known in the art — that FIX could be used to treat hemophilia. 
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8. CONCLUSION 



The Examiner has failed to provide any support for two of the recited claim elements, 
and has assumed the existence of another five elements based on an prior art formulation that is 
not even identical to that taught in the cited art. Thus, seven elements are missing from the 
cited art and the prima facie case is not made. 

Further, no art shows the detailed preparation parameters recited in dependent claims, and 
the art cited to support the obviousness of such claims, actually teaches away. Thus, even if the 
basic claims were obvious (and they are not) the dependent claims are still allowable. 

Finally, Applicants have provided evidence of non-obviousness (teaching away in the 
prior art and in vivo data showing an unexpected result) sufficient to rebut a prima facie case. 
Thus, as a matter of law the claims cannot be held to be obvious and Applicants request their 
allowance. 

If any questions or issues remain in the resolution of which the Board feels will be 
advanced by a conference with the Applicants' attorney, the Board is invited to contact the 
attorney at the number noted below. The Commissioner is hereby authorized to charge any fees 
which may be required, or credit any overpayment, to Deposit Account No. 50-3420 (reference 
31176282-004001 Valoir). 
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Dated: January 28, 2008 



Respectfully submitted, 



BAKER & MCKENZIE LLP 

By /Tamsen Valoir/ 
Tamsen Valoir, PhD 
Registration No.: 41,417 
Pennzoil Place, South Tower 
71 1 Louisiana, Suite 3400 
Houston, Texas 77002-2746 USA 
Tel: +1 713 427 5007 
Fax:+1 713 427 5099 
Email: Tamsen. Valoir@bakernet. com 
Attorneys For Applicants 
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Appendix A; Clean Copy of Current Pending Claims 

Claim 29 (previously presented) A method of preventing hemophilic bleeding in advance of a 
bleeding event, said method comprising: 

a) aerosolizing a monomelic Factor IX (FIX), wherein the aerosolized monomeric FIX: i) 
has a mass median aerodynamic diameter (MMAD) of between 2 and 4 ^m, ii) has a fine 
particle fraction percent less than 3.3 um (FPF %<3.3 (xm) of at least 50%, iii) is at least 90% 
monomeric, iv) wherein the after-aerosolization activity/pre-aerosolization activity is at least 
80%; and v) is a dry powder having less than 10% water (wt/wt), but does not have ethanol; 

b) slowly maximally inhaling aerosolized monomeric FIX; and 

c) allowing said monomeric FIX to deposit in the deep lung tissue such that said monomeric 
FIX is sequestered in said deep lung tissue to provide sufficient FIX to prevent bleeding 
for at least 100 hours after administration. 

Claim 32 (previously presented) The method of claim 29, wherein said FIX is prepared by 

a) diafiltering concentrated FIX solution to a concentration of approximately 1 2 mg/ml; 

b) spray drying the diafiltered solution at 40 or 60 psi and 60°C or 70°C at 5 ml/min and 
17.8 standard cubic feet per minute (scfm); and 

c) transferring spray dried FIX to a sealed storage container at less than 5% relative 
humidity. 

Claim 33 (previously presented) A prophylactic method of treating hemophilia, said method 
comprising 



HOUDMS/223303.1 



24 



a) aerosolizing a monomelic Factor IX (FIX), wherein the aerosolized monomelic FIX: i) 
has a mass median aerodynamic diameter (MMAD) of between 2 and 4 um, ii) has a fine 
particle fraction percent less than 3.3 (Am (FPF %<3.3 um) of at least 50%, iii) is at least 
90% monomelic, iv) wherein the after-aerosolization activity/pre-aerosolization activity 
is at least 80%; and v) is a dry powder having less than 10% water (wt/wt), but does not 
have ethanol; 

b) slowly maximally inhaling aerosolized monomelic FIX; 

c) allowing said monomelic FIX to deposit in the deep lung tissue, and 

d) followed by exhalation, wherein said monomelic FIX is sequestered in said deep lung 
tissue to provide sufficient FIX to prevent bleeding for at least 100 hours after 
administration. 

Claim 36 (currently amended) The method of claim 33, wherein said FIX is prepared by 

a) diafiltering concentrated FIX solution to a concentration of approximately 1 2 mg/ml; 

b) spray drying the diafiltered solution at 40 or 60 psi and 60°C or 70°C at 5 ml/min and 
17.8 standard cubic feet per minute (scfm); and 

c) transferring spray dried FIX to a sealed storage container at less than 5% relative 
humidity. 

Claim 37 (previously presented) A method of preventing hemophilic bleeding in advance of a 
hemophilic assault, said method comprising: 

a) aerosolizing a Factor IX (FIX), wherein the aerosolized FIX: i) has a mass median 
aerodynamic diameter (MMAD) of between 2 and 4 um, ii) has a fine particle fraction 
percent less than 3.3 um (FPF %<3.3 um) of at least 50%, iii) is at least 90% monomelic, 
iv) wherein the after-aerosolization activity/pre-aerosolization activity is at least 80%; 
and v) is a dry powder having less than 1 0% water (wt/wt); 

b) inhaling the aerosolized FIX at least once per week and allowing the aerosolized FIX to 
deposit in the lung; and 
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c) followed by exhalation wherein said monomelic FIX is sequestered in said lung tissue to 
provide sufficient FIX to prevent bleeding for at least 100 hours after administration. 

Claim 40 (previously presented) A prophylactic method of treating hemophilic bleeding, said 
method comprising: 

a) aerosolizing a Factor IX (FIX), wherein the aerosolized FIX: i) has a mass median 
aerodynamic diameter (MMAD) of between 2 and 4 (xm, ii) has a fine particle fraction 
percent less than 3.3 |un (FPF %<3.3 |un) of at least 50%, iii) is at least 90% monomelic, 
iv) wherein the after-aerosolization activity/pre-aerosolization activity is at least 80%; 
and v) is a dry powder having less than 10% water (wt/wt); 

b) slowly maximally inhaling aerosolized monomelic FIX; and 

c) allowing said monomelic FIX to deposit in the lung such that said monomelic FIX is 
sequestered in said lung to provide sufficient FIX to prevent bleeding for at least 100 
hours after administration. 
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Appendix B; Evidence 



Exhibit 1 : Figure 8, filed as part of the specification on April 8, 2004. 

Exhibit 2: Gupta, et al, Pulmonary Delivery of Human Protein C and Factor IX Oxygen 
Transport to Tissue XVIII, Chapter 55, p. 429-435 (1997), cited with IDS on 7/20/04, and 
entered by Examiner on 2/12/06. 

Exhibit 3: Lechuga, et al, WO0132144, cited with Supplemental IDS on 5/16/05, and entered by 
Examiner on 2/12/06. 

Exhibit 4: Huang, et al, US6280729, cited by Examiner on 4/13/2007. 

Exhibit 5:Kurachi, et al, Biology of Bactor IX, Blood Coagulation and Fibrinolysis, 4: 953-974 
(1993), cited by Examiner on 7/27/2006. 
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1. INTRODUCTION 

Recent advances in structural elucidation of numerous natural peptides and pro- 
teins', enhanced understanding of their role in several physiological processes, and the use 
of biotechnological techniques for their production have stimulated considerable interest 
in establishing peptides and proteins as therapeutic agents. A major problem, aside from 
proteolytic degradation and physical alteration of the protein molecule at the site of ad- 
ministration, is the slow rate of transport of macromolecules across membrane barriers 
into the systemic circulation. 

Inhalation offers some exciting possibilities, since the route offers relatively short 
pathlength (0.4—1 .0 urn) between the pulmonary epithelium and circulation coupled with 
the extensive absorptive surface and smaller airways of the alveoli (70 m 2 in man). This 
route of delivery has proven capable of delivering even large macromolecules with ac- 
ceptable bioavailabilities. The objectives of this work were: 

A) To Show that Aerosolization Can Potentially Destabilize Proteins. During jet ne- 
bulization denaturation may occur due to shear forces associated with the production of 

Oxygen Transport to Tissue XVIII, edited by Nemoto and LaManna 

Plenum Press, New York, 1 997 429 
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Pulmonary Delivery of Human Protein C and Factor IX 

Table 1. Primary concerns during aerosol generation 

1 . Drug denaturation/Inactivation including aggregation and adsorption to device 

2. Dispersibility(surface energetics, surfactant compatibility, propellant type) 

3. Lung deposition efficiency(dose, particle size distribution) 

4. Patient compliance, correlation of pharmacokinetic and phaimacodynamic data 

5. Formulation issues and environmental impact of MDI propellants 

6. Dose delivery efficiency and accuracy. 



which can be nebulized, since they are invariably purified and initially formulated in 
aqueous solutions for parenteral administration. The air-blast nebulizer in its simplest 
form uses the Bernouilli effect to draw liquid up a concentric supply capillary that sur- 
rounds a narrow jet supplied with compressed air. More than 99% of the nebulized fluid is 
recirculated following impaction on internal baffles while only a small fraction of the 
aerosol escapes as inhalable aerosol. 5 Increased recycling promotes protein degradation. In 
this work we administered Factor IX using two types of nebulizers, a Side Stream dispos- 
able and the Pari LC jet Plus. In order for the protein to be absorbed systemically, the ad- 
ministration technique must maximize drug deposition in the pulmonary region. Stable 
aerosol systems with mass median aerodynamic diameters (MMAD) of less than 5 urn de- 
posit about 70% of their discharged dose in the respiratory tract following slow oral inha- 
lation 6 Nebulized aqueous solutions, which deliver from 0% to 20% of their in.tial drug 
load are similar in efficiency to MDFs. Penetration of peripheral airways as opposed to 
tracheobronchial deposition appears to be more effective by nebulization of aqueous solu- 
tions, rather than with MDFs or Dry powder inhalers. 



3. MATERIALS AND METHODS 

Due to the high costs and limited availability of purified Protein C, our preliminary 
experiments were carried out using highly purified Factor IX . Purified human Factor IX 
was provided by the American Red Cross. Hence, the experimental procedures have been 
established with Factor IX, and experiments will be repeated with Protein C. 

ELISA's were performed in Immunolon II, 96 well, flat bottom microliter plates 
from Dynatek. Capture buffer (0.1M sodium bicarbonate, 1.0M sodium chloride, pH- 
9 6) blocking buffer (0.05M monosodium phosphate, 0.1M sodium chloride, lOmg/ml 
BSA pH= 7 3) and wash buffer (0.05M monosodium phosphate, 0.1M sodium chloride, 
0 05% Tween-20) are the three buffers used for Factor IX polyclonal ELISA procedure. 

Capture antibody (Dako A300 Rabbit Anti-human Factor IX) used to coat the plates 
overnight, detection antibody (Boehringer mouse anti-human Factor IX) and labeled anti- 
body (Dako P161 Rabbit anti-mouse IgG, HRP Labeled) were the three antibodies used 
for the Factor IX ELISA. NBS two component peroxidase from KPL labs was used as the 
substrate for the antibodies. 

In order to evaluate the Factor IX activity a clotting assay was used. Congenital r ac- 
tor IX deficient human plasma from universal reagents was mixed with the samples along 
with KONTACT APTT from pacific Hemostasis. Only active Factor IX reacts with the 
other clotting agents in the deficient plasma to form a clot. The rate of clot formation 
would suggest the amount of Factor IX active in our samples. Lancer Coagulyzer from 
CMS was used to study the clot times. The samples were diluted in BAT buffer (0.05M 
Imidazole, 0.1M NaCl, 0.1% (w/v) BSA AND 0.01% Tween-20). 
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3.1. Nebulizer Dryer Apparatus 

The unit has four main components; air supply, heating system, nebulizer, and dry- 
ing chamber. Fig. 1 shows a schematic of the apparatus. A nylon tube carries an 80 psig 
air supply to a pressure regulator. The air supply is split into two branches, each connected 
via a rotameter (Variable area flowmeters, 65 mm, Cole Parmer Instruments.) One branch 
directs air to a heating system. The second branch supplies pressurized air to the nebu- 
lizer. The air heating system consists of a fifty foot, one-half inch diameter, coiled copper 
tube wrapped with 2" x 8' silicone rubber heating tape (Barnstead/Thermolyne) connected 
to a proportional controller (Type 45500 Input Controller, Barnstead/Thermolyne). A ne- 
bulizer (Side stream disposable nebulizer or Pari LC Jet Plus nebulizer) generates droplets 
directly into the left side of the drying chamber via a "T" connector. One limb of the con- 
nector is blocked during experiments to drive all the aerosol into the drying chamber. As 
shown in the figure, the airtight drying chamber consists of a plexiglass cylinder 12 inches 
in height, with an internal diameter of 7 inches. The cylinder is divided vertically by a 
0.25 inch plexiglass baffle to within 0.05 inch of the top. Drying air is fed into the bottom 
of the left side after passing through an expansion chamber approximately 1 .5 inches in 
height and 3 inches in diameter. The nebulizer is attached through an orifice 3.5 inches 
above the base in the left side of the drying chamber. The copper exit tubing is located on 
the right side of the chamber at the base. This serves as an outlet for respirable size aero- 
sol particles, which are bubbled into a buffer with a sparger or connected into a rat expo- 
sure chamber. Droplets exiting the nebulizer travel up the left side of the baffle, across, 
then down the right side of the drying chamber, carried by the drying air stream, before 
reaching the copper exit tube. 

Advantages of this geometry include the impaction of excessively large droplets ex- 
iting the nebulizer on the central baffle, resulting in their removal from the product 
stream, while rapidly sedimenting droplets do not immediately contact a surface, and can 
thus be dried and reduced in size allowing them to remain entrained in the product stream. 



Pressure Regulator 




Rotameter Rotameter 
(Nebulizer) (Dry Air) 





-> 










Baffle 






Plate 









Warm Air_ 



Heating Coils 




Nebulized Protein 



Rat Chamber 

OrCollector Flask. 



Figure 1. Equipment set up. 
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The drying chamber has a volume of 10.6 liters, leading to mean residence time 10.6 sec- 
onds at air flows of 60 liters/minute. Increased residence times (lower flow rates) lead to 
more complete drying and a higher concentration of inhalable aerosol particles (2-5 urn 
diameter), so long as the air stream does not become saturated with water. The experimen- 
tal conditions for Factor IX delivery are given in Table 2. 



4. RESULTS AND DISCUSSION 

The data provided in this paper are for Factor IX. The in vitro experiments were per- 
formed using the Side Stream and the Pari LC jet plus nebulizers. The primary difference 
between the two is in their baffle design. Pari LC is a high output nebulizer producing 
more aerosol particles in the respirable range (2-5 urn diameter). 

The objectives of the experiment were defined in terms of the following parameters: 

• rj 1 = Fraction of the protein aerosolized. 

• n2= Fraction of the protein active after aerosolization. 

• r|3= Fraction of the protein still active after exposure to nebulizer shear stress. 
The primary objective was to maximize the amount of protein delivered from the ne- 
bulizer without deactivating it. Therefore the system efficiency (n sys ) could be expressed 



as: 



Initial experiments showed no protein collection due to failure of the impact sparger 
to the aerosol To solve this problem we added a vacuum pump drawing 60 L/min addi- 
tional make-up air to accelerate the particles and compare the collection efficiency. With 
this modification 19.8% of the aerosolized Factor IX was collected. Our objective was to 
collect respirable (2-5 urn) size particles using the drying chamber to provide enough resi- 
dence time to reduce droplet size of the aerosol to the respirable range. Hence, the 19.8 /o 
efficiency represents a good estimate of respirable dose produced by the nebulizer. Unfor- 
tunately of this 20% none was active after collection. We hypothesized that in the process 
of aerosolization Factor IX was denatured due to shear forces imposed by the nebulizer or 
the large air water interface produced during the nebulization. 



Table 2. Experimental conditions for Factor IX delivery 



Compressed air pressure 

Factor IX concentration in the nebulizers 

Dry air flow rate to the chamber 

Air flow rate to the chamber 

Vacuum pump suction rate 

Temperature in the drying chamber 

Side stream nebulizer dose 

Side stream dosing time 

Pari LC dose 

Pari LC dosing time 



50 psig. 
40 ng/ml 
10-12 liters/min. 
3-5 liters/min. 
60 liters/min. 
45° C 
1 0 ml or 400 ng/ml. 

75 mins. 
8ml or 320 ug/ml. 
15 mins. 
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DRY POWDER COMPOSITIONS HAVING IMPROVED DISPERSIVITY 

This application claims the benefit of priority of the following U.S. 
5 Provisional Patent Applications: Serial No. 60/162,451 filed on October 29, 1999; 
Serial No. 60/164,236 filed on November 8, 1999, Serial No. 60/172,769 filed on 
December 20, 1999; Serial No. 60/178,383 filed on January 27, 2000; and Serial No. 
60/178,415 filed on January 27, 2000, all of which are incorporated herein by 
reference in their entirety. 

10 

Field of the Invention 

The present invention is directed to highly dispersive dry powder 
compositions, and in particular, to highly dispersive, inhalable dry powder 
compositions for aerosolized delivery to the lungs. The dry powders of the 
15 invention contain an active agent and a di- or tripeptide containing at least 2 leucyl 
residues, and are physically and chemically stable upon storage. The powders of the 
invention also demonstrate superior aerosol performance. 

Background of the Invention 

20 Traditionally, inhalation therapy has played a relatively minor role in the 

administration of biotherapeutics and conventional pharmaceuticals when compared 
to more traditional drug administration routes, such as oral and intraveneous. 
Injection is the customary route of delivery of biotherapeutics (e.g., peptides, 
proteins and nucleic acids), and due to the many drawbacks associated with injection 

25 (e.g., inconvenience, discomfort, patient aversion to needle-based delivery methods), 
alternative administration routes are needed. 

Pulmonary delivery is one such alternative administration route which can 
offer several advantages over subcutaneous administration. These advantages 
include the convenience of patient self-administration, the potential for reduced drug 

30 side-effects, ease of delivery by inhalation, the elimination of needles, and the like. 
Many preclinical and clinical studies with inhaled proteins, peptides, DNA and small 
molecules have demonstrated that efficacy can be achieved both within the lungs and 
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systemically. However, despite such results, the role of inhalation therapy in the 
health care field has not grown as expected over recent years, in part due to a set of 
problems unique to the development of inhalable drug formulations. Dry powder 
formulations, while offering unique advantages over cumbersome liquid dosage 
5 forms and propellant-driven formulations, are prone to aggregation and low 
flowability phenomena which considerably diminish the efficiency of dry powder- 
based inhalation therapies. 

Particulate aggregation, caused by particle-particle interactions, such as 
hydrophobic, electrostatic, and capillary interactions, must be minimized in order to 
10 provide dispersible powders for effective inhalation therapies. Various approaches 
have been utilized in efforts to prepare dry powders having minimal particle 
aggregation and good aerosol properties. These approaches include the 
modification of dry powder particle surface texture (Ganderton, et al., U.S. Pat. No. 
5,376,386), the co-delivery of large carrier particles (absent drug) with therapeutic 
15 aerosols to achieve efficient aerosolization, particle coatings (Hanes, 5,855,913; 
Ruel, et al., 5,663,198) aerodynamically light particles (Edwards, et al., 5,985,309), 
use of antistatic agents, (Simpkin, et al., 5,908,639) and the addition of certain 
excipients, e.g., surfactants (Hanes 5,855,913; Edwards, 5,985,309). Unfortunately, 
the formation of particulate aggregates and production of powders having poor flow 
20 properties and low dispersivities continue to plague development efforts to prepare 
aerosolizable dry powders for inhalation therapy. Thus, a need exists for improved 
inhalable aerosols for the pulmonary delivery of therapeutic agents, and in particular, 
for dry powders having excellent aerosol properties and reduced particle-particle 
interactions, irrespective of the therapeutic agent. 

25 

Summary of the Invention 

The present invention is based upon the discovery of a particular class of 
excipients, which, when incorporated into dry powder formulations for 
aerosolization and delivery to the lung, notably improves the dispersivity and 
30 aerosolization properties of the dry powders, irrespective of the type of active agent 
contained in the formulation. More particularly, the invention provides a dry 
powder composition which comprises an active agent and a di or tri-peptide 
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comprising at least two leucines. Preferred di- and tripeptides are those which are 
surface active. 

The dry powder of the invention typically contains from about 2% by weight 
to about 99% by weight di- or tri-peptide, and may optionally contain additional 
5 excipients or carriers, such as carbohydrates, amino acids, peptides, proteins, organic 
acid salts, and/or polymers. 

The presence of the di- or tri-peptide is effective to notably increase the 
emitted dose of the dry powder over the emitted dose of the powder composition 
absent the di- or tri-peptide. In one particular embodiment of the invention, the dry 
10 powder of the invention is characterized by an emitted dose of at least about 30%. 
In another embodiment, the concentration of the dileucyl- di- or tri-peptide on the 
surface of the particles is greater than in the bulk powder. 

Additional features of the dry powder particles of the invention include, in 
one embodiment, a mass median diameter of less than about 10 microns, and in yet 
15 another embodiment, a mass median aerodynamic diameter of less than about 10 
microns. In yet another embodiment, the dry powder comprises particles having a 
bulk density from 0.1 to 10 grams per cubic centimeter. 

The dry powder of the invention is further characterized by both physical and 
chemical stability upon storage, as characterized, in one embodiment, by a drop in 
20 emitted dose of no more than about 10% when stored under ambient conditions for 
a period of three months. In another embodiment, the chemical stability of the dry 
powder is characterized by degradation of less than about 5% by weight of the 
active agent upon storage of the dry powdered composition under ambient 
conditions for a period of three months. 
25 In another aspect, the invention provides a method for enhancing the aerosol 

performance of a dry powder. In the method, a di- or tri-peptide is incorporated 
into an active-agent containing liquid formulation. The resulting liquid formulation 
is dried to produce a dry powder containing the active agent and the di- and/or 
tripeptide, whereby the resultant dry powder possesses an emitted dose that is 
30 increased over the emitted dose of a dry powder having the same components but 
absent the di- or tripeptide. 
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In one embodiment of the method, the liquid formulation is an aqueous 
formulation. In another particular embodiment of the method, the liquid formulation 
is spray-dried to produce a dry powder. 

In yet a further aspect, the invention provides a method for increasing the 

5 aerosol performance of an active-agent containing formulation suitable for 

administration to the lung. According to the method, a di- or tripeptide comprising 
at least two leucines is incorporated into a formulation comprising an active agent. 
The resulting composition comprising the active agent and the di- or tripeptide 
possesses an emitted dose that is increased over the emitted dose of a composition 

10 having the same components but absent the di- or tripeptide. In one embodiment, 
the method results in a liquid composition suitable for aerosolized administration to 
the lung; in an alternative embodiment, the method results in a dry powdered 
composition suitable for aerosolized administration to the lung. 

Yet another aspect of the invention is directed to a method for delivery of a 

15 dry powder composition to the lungs of a mammalian subject by administering by 
inhalation the compositions of the invention as previously described, in aerosolized 
form. 

These and other objects and features of the invention will become more fully 
apparent when the following detailed description is read in conjunction with the 
20 accompanying figures and examples. 

Detailed Description of the Invention 

I- Definitions 

25 The following terms as used herein have the meanings indicated. 

"Active agent" as described herein includes any agent, drug, compound, 
composition of matter or mixture which provides some pharmacologic, often 
beneficial, effect that can be demonstrated in-vjvo or in vitro. This includes foods, 
food supplements, nutrients, nutriceuticals, drugs, vaccines, antibodies, vitamins, and 

30 other beneficial agents. As used herein, these terms further include any 

physiologically or pharmacologically active substance that produces a localized or 
systemic effect in a patient. 
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"Amino acid" refers to any compound containing both an amino group and a 
carboxylic acid group. Although the amino group most commonly occurs at the position 
adjacent to the carboxy function, the amino group may be positioned at any location 
within the molecule. The amino acid may also contain additional functional groups, such 
5 as amino, thio, carboxyl, carboxamide, imidazole, etc. An amino acid may be synthetic 
or naturally occurring, and may be used in either its racemic or optically active (D-, or L- 
)form. 

"Leucine", whether present as a single amino acid or as an amino acid 
component of a peptide, refers to the amino acid leucine, which may be a racemic 
10 mixture or in either its D- or L- form, as well as modified forms of leucine (i.e., 
where one or more atoms of leucine have been substituted with another atom or 
functional group) in which the dispersibility-enhancing effect of the modified amino 
acid or peptide is substantially unchanged or unimproved over that of the unmodified 
material. 

15 "Dipeptide", also referred to herein as a dimer, refers to a peptide composed 

of two amino acids. 

"Tripeptide", also referred to herein as a trimer, refers to a peptide composed 
of three amino acids. 

A "surface active" material is one having surface activity (measured, e.g., by 
20 surface tensiometry), as characterized by its ability to reduce the surface tension of 
the liquid in which it is dissolved. Surface tension, which is associated with the 
interface between a liquid and another phase, is that property of a liquid by virtue of 
which the surface molecules exhibit an inward attraction. 

Typically, in the context of the present invention, a surface active dipeptide 
25 or tripeptide is identified by preparing solutions of varying concentrations (from 
approximately 0.01% wt/vol (0. 1 mg/ml) to approximately 2% wt/vol (20 mg/ml) of 
the subject peptide in water, and measuring the surface tension of each of the 
solutions. A surface-active peptide is one which, when present at any concentration 
in solution, though typically present in an amount greater than 0.25 mg/ml, is 
30 effective to lower the surface tension of water from its control value. A peptide that 
is more surface active than another peptide is one which decreases the surface 
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tension of water to a greater extent, when present in the liquid at the same 
concentration and measured under the same set of experimental conditions. 

"Dry powder" refers to a powder composition that typically contains less 
than about 20% moisture, preferably less than 10% moisture, more preferably 
5 contains less than about 5-6% moisture, and most preferably contains less than about 
3% moisture, depending upon the particular formulation. 

A dry powder that is "suitable for pulmonary delivery" refers to a 
composition comprising solid (i.e., non-liquid) or partially solid particles that are 
capable of being (i) readily dispersed in/by an inhalation device and (ii) inhaled by a 
10 subject so that a portion of the particles reach the lungs to permit penetration into 
the alveoli. Such a powder is considered to be "respirable". 

"Aerosolized" or "aerosolizable" particles are particles which, when 
dispensed into a gas stream by either a passive or an active inhalation device, remain 
suspended in the gas for an amount of time sufficient for at least a portion of the 
15 particles to be inhaled by the patient, so that a portion of the particles reaches the 
lungs. 

"Emitted Dose" or "ED" provides an indication of the delivery of a drug 
formulation from a suitable inhaler device after a firing or dispersion event. More 
specifically, for dry powder formulations, the ED is a measure of the percentage of 

20 powder which is drawn out of a unit dose package and which exits the mouthpiece 
of an inhaler device. The ED is defined as the ratio of the dose delivered by an 
inhaler device to the nominal dose (i.e., the mass of powder per unit dose placed into 
a suitable inhaler device prior to firing). The ED is an experimentally-determined 
parameter, and is typically determined using an in-vitro device set up which mimics 

25 patient dosing. To determine an ED value, a nominal dose of dry powder, typically 
in unit dose form, is placed into a suitable dry powder inhaler (such as that described 
in U.S. Patent No. 5,785,049, assigned to Inhale Therapeutic Systems) which is then 
actuated, dispersing the powder. The resulting aerosol cloud is then drawn by 
vacuum from the device, where it is captured on a tared filter attached to the device 

30 mouthpiece. The amount of powder that reaches the filter constitutes the emitted 
dose. For example, for a 5 mg dry powder-containing dosage form placed into an 
inhalation device, if dispersion of the powder results in the recovery of 4 mg of 
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powder on a tared filter as described above, then the emitted dose for the dry 
powder composition is: 4 mg (delivered dose)/5 mg (nominal dose) x 100 = 80%. 
For non-homogenous powders, ED values provide an indication of the delivery of 
drug from an inhaler device after firing rather than of dry powder, and are based on 
5 amount of drug rather than on total powder weight. Similarly for MDI and nebulizer 
dosage forms, the ED corresponds to the percentage of drug which is drawn from a 
dosage form and which exits the mouthpiece of an inhaler device. 

"Fine particle dose" or "FPD" is defined as the mass percent of powder 
particles having an aerodynamic diameter less than 3.3 urn, typically determined by 
10 measurement in an Andersen cascade impactor. This parameter provides an 

indication of the percent of particles having the greatest potential to reach the deep 
lung of a patient for systemic uptake of a drug substance. 

A "dispersible" or "dispersive" powder is one having an ED value of at least 
about 30%, more preferably 40-50%, and even more preferably at least about 50- 
15 60%. 

"Mass median diameter" or "MMD" is a measure of mean particle size, since 
the powders of the invention are generally polydisperse (i.e., consist of a range of 
particle sizes). MMD values as reported herein are determined by centrifugal 
sedimentation, although any number of commonly employed techniques can be used 
20 for measuring mean particle size (e.g., electron microscopy, light scattering, laser 
diffraction). 

"Mass median aerodynamic diameter" or "MMAD" is a measure of the 
aerodynamic size of a dispersed particle. The aerodynamic diameter is used to 
describe an aerosolized powder in terms of its settling behavior, and is the diameter 

25 of a unit density sphere having the same settling velocity, in air, as the particle. The 
aerodynamic diameter encompasses particle shape, density and physical size of a 
particle. As used herein, MMAD refers to the midpoint or median of the 
aerodynamic particle size distribution of an aerosolized powder determined by 
cascade impaction, unless otherwise indicated. 

30 "Pharmaceutically acceptable salt" includes, but is not limited to, salts 

prepared with inorganic acids, such as chloride, sulfate, phosphate, diphosphate, 
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hydrobromide, and nitrate salts, or salts prepared with an organic acid, such as 
malate, maleate, fumarate, tartrate, succinate, ethylsuccinate, citrate, acetate, lactate, 
methanesulfonate, benzoate, ascorbate, para-toluenesulfonate, palmoate, salicylate 
and stearate, as well as estolate, gluceptate and lactobionate salts. Similarly, salts 
5 containing pharmaceutical^/ acceptable cations include, but are not limited to, 
sodium, potassium, calcium, aluminum, lithium, and ammonium (including alkyl 
substituted ammonium). 

"Pharmaceutically acceptable excipient or carrier" refers to an excipient that 
may optionally be included in the compositions of the invention, and taken into the 
10 lungs with no significant adverse toxicological effects to the subject, and particularly 
to the lungs of the subject. 

"Pharmacologically effective amount" or "physiologically effective amount of 
a bioactive agent" is the amount of an active agent present in an aerosolizable 
composition as described herein that is needed to provide a desired level of active agent 
15 in the bloodstream or at the site of action (e.g., the lungs) of a subject to be treated to 
give an anticipated physiological response when such composition is administered 
pulmonarily. The precise amount will depend upon numerous factors, e.g., the active 
agent, the activity of the composition, the delivery device employed, the physical 
characteristics of the composition, intended patient use (i.e., the number of doses 
20 administered per day), patient considerations, and the like, and can readily be determined 
by one skilled in the art, based upon the information provided herein. 

"Polymer" refers to a high molecular weight polymeric compound or 
macromolecule built by the repitition of small, simple chemical units. A polymer 
may be a biological polymer, i.e., is naturally occurring (e.g., proteins, 
25 carbohydrates, nucleic acids) or a non-biological, synthetically-produced polymer 
(e.g., polyethylene glycols, polyvinylpyrrolidones, Ficolls, and the like), as well 
known in the art. 

II. The Composition 
30 The present invention is based upon the Applicants' discovery of a class of 

compounds, dipeptides and tripeptides containing two or more leucines, which when 
incorporated into formulations for administration to the lung, impart superior aerosol 
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properties to the resulting formulations. Moreover, the Applicants have discovered, 
surprisingly that, these di- and tripeptides are effective to significantly enhance the 
dispersibility of the resulting formulations, irrespective of the type of active agent 
present in the formulation. Thus, these di- and tripeptides can be employed in a 

5 wide variety of formulations, to increase the aerosol performance of the resulting 
compositions, and in some cases, to provide aerosolizable formulations in situations 
where an aerosolizable formulation was previously unknown or unattainable. The 
present invention, although directed in certain respects to dry powder formulations, 
is meant to encompass liquid formulations as well. The components of the 

10 formulations of the invention will now be described. 

A. The Active Agent 

An active agent for incorporation in the compositions described herein may 
be an inorganic or an organic compound, including, without limitation, drugs which 

15 act on: the peripheral nerves, adrenergic receptors, cholinergic receptors, the skeletal 
muscles, the cardiovascular system, smooth muscles, the blood circulatory system, 
synoptic sites, neuroeffector junctional sites, endocrine and hormone systems, the 
immunological system, the reproductive system, the skeletal system, autacoid 
systems, the alimentary and excretory systems, the histamine system, and the central 

20 nervous system. Suitable agents may be selected from, for example, hypnotics and 
sedatives, psychic energizers, tranquilizers, respiratory drugs, anticonvulsants, 
muscle relaxants, antiparkinson agents (dopamine antagnonists), analgesics, anti- 
inflammatories, antianxiety drugs (anxiolytics), appetite suppressants, antimigraine 
agents, muscle contractants, anti-infectives (antibiotics, antivirals, antifungals, 

25 vaccines) antiarthritics, antimalarials, antiemetics, anepileptics, bronchodilators, 
cytokines, growth factors, anti-cancer agents, antithrombotic agents, 
antihypertensives, cardiovascular drugs, antiarrhythmics, antioxicants, anti-asthma 
agents, hormonal agents including contraceptives, sympathomimetics, diuretics, lipid 
regulating agents, antiandrogenic agents, antiparasitics, anticoagulants, neoplastics, 
30 antineoplastics, hypoglycemics, nutritional agents and supplements, growth 
supplements, antienteritis agents, vaccines, antibodies, diagnostic agents, and 
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contrasting agents. The active agent, when administered by inhalation, may act 
locally or systemically. 

The active agent may fall into one of a number of structural classes, including 
but not limited to small molecules, peptides, polypeptides, proteins, polysaccharides, 
5 steroids, proteins capable of eliciting physiological effects, nucleotides, 
oligonucleotides, polynucleotides, fats, electrolytes, and the like. 

Examples of active agents suitable for use in this invention include but are 
not limited to calcitonin, erythropoietin (EPO), Factor VIII, Factor IX, ceredase, 
cerezyme, cyclosporin, granulocyte colony stimulating factor (GCSF), 
10 thrombopoietin (TPO), alpha- 1 proteinase inhibitor, elcatonin, granulocyte 

macrophage colony stimulating factor (GMCSF), growth hormone, human growth 
hormone (HGH), growth hormone releasing hormone (GHRH), heparin, low 
molecular weight heparin (LMWH), interferon alpha, interferon beta, interferon 
gamma, interleukin-1 receptor, interleukin-2, interleukin-1 receptor antagonist, 
15 interleukin-3, interleukin-4, interleukin-6, luteinizing hormone releasing hormone 
(LHRH), factor IX insulin, pro-insulin, insulin analogues (e.g., mono-acylated 
insulin as described in U.S. Patent No. 5,922,675), amylin, C-peptide, somatostatin, 
somatostatin analogs including octreotide, vasopressin, follicle stimulating hormone 
(FSH), insulin-like growth factor (IGF), insulintropin, macrophage colony 
20 stimulating factor (M-CSF), nerve growth factor (NGF), tissue growth factors, 

keratinocyte growth factor (KGF), glial growth factor (GGF), tumor necrosis factor 
(TNF), endothelial growth factors, parathyroid hormone (PTH), glucagon-like 
peptide thymosin alpha 1, Ilb/IIIa inhibitor, alpha- 1 antitrypsin, phosphodiesterase 
(PDE) compounds, VLA-4 inhibitors, bisphosponates, respiratory syncytial virus 
25 antibody, cystic fibrosis transmembrane regulator (CFTR) gene, deoxyreibonuclease 
(Dnase), bactericidal/permeability increasing protein (BPI), anti-CMV antibody, 13- 
cis retinoic acid, macrolides such as erythromycin, oleandomycin, troleandomycin, 
roxithromycin, clarithromycin, davercin, azithromycin, flurithromycin, dirithromycin, 
josamycin, spiramycin, midecamycin, leucomycin, miocamycin, rokitamycin, 
30 andazithromycin, and swinolide A; fluoroquinolones such as ciprofloxacin, 
ofloxacin, levofloxacin, trovafloxacin, alatrofloxacin, moxifloxicin, norfloxacin, 
enoxacin, grepafloxacin, gatifloxacin, lomefloxacin, sparfloxacin, temafloxacin, 
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pefloxacin, amifloxacin, fleroxacin, tosufloxacin, prulifloxacin, irloxacin, 
pazufloxacin, clinafloxacin, and sitafloxacin, aminoglycosides such as gentamicin, 
netilmicin, paramecin, tobramycin, amikacin, kanamycin, neomycin, and 
streptomycin, vancomycin, teicoplanin, rampolanin, mideplanin, colistin, 
5 daptomycin, gramicidin, colistimethate, polymixins such as polymixin B, 

capreomycin, bacitracin, penems; penicillins including penicllinase-sensitive agents 
like penicillin G, penicillin V, penicllinase-resistant agents like methicillin, oxacillin, 
cloxacillin, dicloxacillin, floxacillin, nafcillin; gram negative microorganism active 
agents like ampicillin, amoxicillin, and hetacillin, cillin, and galampicillin; 
10 antipseudomonal penicillins like carbenicillin, ticarcillin, azlocillin, mezlocillin, and 
piperacillin, cephalosporins like cefpodoxime, cefprozil, ceftbuten, ceftizoxime, 
ceftriaxone, cephalothin, cephapirin, cephalexin, cephradrine, cefoxitin, cefamandole, 
cefazolin, cephaloridine, cefaclor, cefadroxil, cephaloglycin, cefuroxime, ceforanide, 
cefotaxime, cefatrizine, cephacetrile, cefepime, cefixime, cefonicid, cefoperazone, 
15 cefotetan, cefmetazole, ceftazidime, loracarbef, and moxalactam, monobactams like 
aztreonam; and carbapenems such as imipenem, meropenem. pentamidine 
isethiouate, albuterol sulfate, lidocaine, metaproterenol sulfate, beclomethasone 
diprepionate, triamcinolone acetamide, budesonide acetonide, fluticasone, 
ipratropium bromide, flunisolide, cromolyn sodium, ergotamine tartrate and where 
20 applicable, analogues, agonists, antagonists, inhibitors, and pharmaceutically 
acceptable salt forms of the above. In reference to peptides and proteins, the 
invention is intended to encompass synthetic, native, glycosylated, unglycosylated, 
pegylated forms, and biologically active fragments and analogs thereof. 

Active agents for use in the invention further include nucleic acids, as bare 
25 nucleic acid molecules, vectors, associated viral particles, plasmid DNA or RNA or 
other nucleic acid constructions of a type suitable for transfection or transformation 
of cells, i.e., suitable for gene therapy including antisense. Further, an active agent 
may comprise live attenuated or killed viruses suitable for use as vaccines. Other 
useful drugs include those listed within the Physician's Desk Reference (most recent 
30 edition). 

The amount of active agent in the formulation will be that amount necessary 
to deliver a therapeutically effective amount of the active agent per unit dose to 
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achieve the desired result. In practice, this will vary widely depending upon the 
particular agent, its activity, the severity of the condition to be treated, the patient 
population, dosing requirements, and the desired therapeutic effect. The 
composition will generally contain anywhere from about 1% by weight to about 99% 

5 by weight active agent, typically from about 2% to about 95% by weight active 
agent, and more typically from about 5% to 85% by weight active agent, and will 
also depend upon the relative amounts of additives contained in the composition. 
The compositions of the invention are particularly useful for active agents that are 
delivered in doses of from 0.001 mg/day to 100 mg/day, preferably in doses from 

10 0.01 mg/day to 75 mg/day, and more preferably in doses from 0.10 mg/day to 50 
mg/day. 

It is to be understood that more than one active agent may be incorporated 
into the formulations described herein and that the use of the term "agent" in no way 
excludes the use of two or more such agents. 

15 

B. Dispersibilitv-Enhancing Peptides 

Compositions of the invention will include one or more di- or tripeptides 
containing two or more leucine residues. As discussed above, the invention is based 
upon the Applicants' discovery that di-leucyl-containing dipeptides (e.g., dileucine) 

20 and tripeptides are superior in their ability to increase the dispersibility of powdered 
compositions, and, as demonstrated in the Examples, are unexpectedly better than 
leucine in improving aerosol performance. 

Di-leucyl containing tripeptides for use in the invention are tripeptides having 
the formula, X-Y-Z, where at least X and Y or X and Z are leucyl residues (i.e., the 

25 leucyl residues can be adjacent to each other (at the 1 and 2 positions), or can form 
the ends of the trimer (occupying positions 1 and 3). The remaining amino acid 
contained in the trimer can be any amino acid as defined in section I above. Suitable 
are amino acids such as glycine (gly), alanine (ala), valine (val), leucine (leu), 
isoleucine (ile), methionine (met), proline (pro), phenylalanine (phe), trytophan (trp), 

30 serine (ser), threonine (thr), cysteine (cys), tyrosine (tyr), asparagine (asp), glutamic 
acid (glu), lysine (lys), arginine (arg), histidine (his), norleucine (nor), and modified 
forms thereof. Preferably, for di-leucyl containing trimers, the third amino acid 
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component of the trimer is one of the following: leucine (leu), valine (val), 
isoleucine (isoleu), tryptophan (try) alanine (ala), methionine (met), phenylalanine 
(phe), tyrosine (tyr), histidine (his), and proline (pro). Exemplary trimers for use in 
the invention include but are not limited to the following: leu-leu-gly, leu-leu-ala, 
5 leu-leu-val, leu-leu-leu, leu-leu-ile, leu-leu-met, leu-leu-pro, leu-leu-phe, leu-leu-trp, 
leu-leu-ser, leu-leu-thr, leu-leu-cys, leu-leu-tyr, leu-leu-asp, leu-leu-glu, leu-leu-lys, 
leu-leu-arg, leu-leu-his, leu-leu-nor, leu-gly-leu, leu-ala-leu, leu-val-leu, leu-ile-leu, 
leu-met-leu, leu-pro-leu, leu-phe-leu, leu-trp-leu, leu-ser-leu, leu-thr-leu, leu-cys-leu, 
leu-try-leu, leu-asp-leu, leu-glu-leu, leu-lys-leu, leu-arg-leu, leu-his-leu, and leu-nor- 
10 leu. Particularly preferred peptides are dileucine and trileucine. 

Although less preferred due to their limited solubility in water, additional 
dispersibility enhancing peptides for use in the invention are 4-mers and 5-mers 
containing two or more leucine residues. The leucine residues may occupy any 
position within the peptide, and the remaining (i.e., non-leucyl) amino acids positions 
15 are occupied by any amino acid as described above, provided that the resulting 4- 
mer or 5-mer has a solubility in water of at least about 1 mg/ml. Preferably, the non- 
leucyl amino acids in a 4-mer or 5-mer are hydrophilic amino acids such as lysine, to 
thereby increase the solubility of the peptide in water. 

Also preferred are di- and tripeptides having a glass transition temperature 
20 greater than about 40 °C. 

Preferred di- and tripeptides for use in the present invention are those 
peptides that are surface active. As can be seen from the surface tension data in 
Example 1, dileucine and trileucine are extremely effective, even when present in 
low concentrations, at significantly depressing the surface tension of water. 
25 Moreover, in examining the surface tension results results in Table 5 (extrapolated 
values), it can be seen that dipeptides and tripeptides containing two or more 
leucines have a much greater surface activity than dipeptides and tripeptides 
composed of fewer than two leucyl residues. Due to their highly surface active 
nature, the di- and tripeptides of the invention, when contained in dry powder 
30 compositions, tend to concentrate on the surface of the powder particles, thereby 
imparting to the resulting particles high dispersivities. This feature of the powders, 
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i.e., a surface enriched with the di- or tripeptide, is illustrated by the ESCA data 
provided in Example 9. 

Surprisingly, the addition of the representative tripeptide, trileucine, to a 
calcitonin formulation was effective to nearly double the ED value of the resulting 

5 powder (Example 4). This result is surprising because calcitonin itself is a surface 
active protein. Thus, the incorporation of another surface active material such as 
trileucine was not expected to significantly improve the dispersivity of the 
composition. Results in contrast to this expectation indicated that surface activity 
alone is not sufficient to significantly increase dispersibility, and further 

10 demonstrated the unusual and beneficial properties of the leucyl-containing peptides 
of the invention, particularly in enhancing aerosol performance. 

Generally, the compositions of the invention will contain from about 1% to 
about 99% by weight di- or tripeptide, preferably from about 2% to about 75% by 
weight di- or tripeptide, and even more preferably from about 5% to about 50% by 

15 weight di- or tripeptide. Typically, the optimal amount of di- or tripeptide is 
determined experimentally, i.e., by preparing compositions containing varying 
amounts of di- or tripeptide (ranging from low to high), examining the dispersibilities 
of the resulting compositions as described herein, and further exploring the range at 
which optimal aerosol performance is attained. Such methods were employed in 

20 several of the Examples (Example 3, Example 4, Example 5, Example 6). Generally, 
for trileucine containing dry powder formulations, an optimal amount of trileucine 
appears to be around 22-25% by weight. 

C. Additional Carriers and Excipients 

In addition to the active agent and di- or tripeptide, compositions of the 
25 invention may optionally include one or more pharmaceutical excipients which are 
suitable for pulmonary administration. These excipients, if present, are generally 
present in the composition in amounts ranging from about 0.01 % to about 95% 
percent by weight, preferably from about 0.5 to about 80%, and more preferably 
from about 1 to about 60% by weight. Preferably, such excipients will, in part, serve 
30 to further improve the features of the active agent composition, e.g., by providing 
more efficient and reproducible delivery of the active agent, improving the handling 
characteristics of powders (e.g., flowability and consistency), and/or facilitating 
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manufacturing and filling of unit dosage forms. In particular, excipient materials can 
often function to further improve the physical and chemical stability of the active 
agent, minimize the residual moisture content and hinder moisture uptake, and to 
enhance particle size, degree of aggregation, particle surface properties (i.e., 
5 rugosity), ease of inhalation, and the targeting of particles to the lung. The 

excipient(s) may also serve simply as bulking agents when it is desired to reduce the 
concentration of active agent in the formulation. 

Pharmaceutical excipients and additives useful in the present composition 
include but are not limited to amino acids, peptides, proteins, non-biological 

10 polymers, biological polymers, carbohydrates (e.g., sugars, derivatized sugars such 
as alditols, aldonic acids, esterified sugars, and sugar polymers), which may be 
present singly or in combination. Suitable excipients are those provided in Inhale 
Therapeutic Systems' International Publication No. WO 96/32096. Also preferred 
are excipients having glass transition temperatures (Tg), above about 35° C, 

15 preferably above about 40 °C, more preferably above 45° C, most preferably above 
about 55 °C. 

Exemplary protein excipients include albumins such as human serum albumin 
(HSA), recombinant human albumin (rHA), gelatin, casein, hemoglobin, and the like. 
Suitable amino acids (outside of the dileucyl-peptides of the invention), which may 

20 also function in a buffering capacity, include alanine, glycine, arginine, betaine, 
histidine, glutamic acid, aspartic acid, cysteine, lysine, leucine, isoleucine, valine, 
methionine, phenylalanine, aspartame, tyrosine, tryptophan, and the like. Preferred 
are amino acids and polypeptides that function as dispersing agents. Amino acids 
falling into this category include hydrophobic amino acids such as leucine, valine, 

25 isoleucine, tryptophan, alanine, methionine, phenylalanine, tyrosine, histidine, and 
proline. Dispersibility- enhancing peptide excipients include dimers, trimers, 
tetramers, and pentamers comprising one or more hydrophobic amino acid 
components such as those described above. 

Carbohydrate excipients suitable for use in the invention include, for 
30 example, monosaccharides such as fructose, maltose, galactose, glucose, D- 

mannose, sorbose, and the like; disaccharides, such as lactose, sucrose, trehalose, 
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cellobiose, and the like; polysaccharides, such as raffinose, melezitose, 
maltodextrins, dextrans, starches, and the like; and alditols, such as mannitol, xylitol, 
maltitol, lactitol, xylitol sorbitol (glucitol), pyranosyl sorbitol, myoinositol and the 
like. 

5 The compositions may also include a buffer or a pH adjusting agent, 

typically a salt prepared from an organic acid or base. Representative buffers include 
organic acid salts of citric acid, ascorbic acid, gluconic acid, carbonic acid, tartaric 
acid, succinic acid, acetic acid, or phthalic acid, Tris, tromethamine hydrochloride, 
or phosphate buffers. 
10 The compositions of the invention may also include polymeric 

excipients/additives, e.g., polyvinylpyrrolidones, derivatized celluloses such as 
hydroxymethylcellulose, hydroxyethylcellulose, and hydroxypropylmethylcellulose, 
Ficolls (a polymeric sugar), hydroxyethylstarch, dextrates (e.g., cyclodextrins, such 
as 2-hydroxypropyl-(3-cyclodextrin and sulfobutylether-p-cyclodextrin), polyethylene 
15 glycols, and pectin. 

The compositions may further include flavoring agents, taste-masking agents, 
inorganic salts (e.g., sodium chloride), antimicrobial agents (e.g., benzalkonium 
chloride), sweeteners, antioxidants, antistatic agents, surfactants (e.g., polysorbates 
such as "TWEEN 20" and "TWEEN 80"), sorbitan esters, lipids (e.g., phospholipids 
20 such as lecithin and other phosphatidylcholines, phosphatidylethanolamines), fatty 
acids and fatty esters, steroids (e.g., cholesterol), and chelating agents (e.g., EDTA, 
zinc and other such suitable cations). Other pharmaceutical excipients and/or 
additives suitable for use in the compositions according to the invention are listed in 
"Remington: The Science & Practice of Pharmacy", 19 th ed., Williams & Williams, 
25 (1995), and in the "Physician's Desk Reference", 52 nd ed., Medical Economics, 
Montvale, NJ (1998). 

III. Formulation Types 

The compositions described herein may be in powdered form or may be 
30 flowable liquids. Liquid formulations are preferably solutions in which the active 
drug is dissolved in a solvent (e.g., water, ethanol, ethanol-water, saline) and less 
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preferably are colloidal suspensions. The liquid formulation may also be a solution 
or suspension of the active agent in a low boiling point propellant. 

Liquid formulations containing the disclosed dileucyl-containing peptides are 
also highly dispersible, possessing high ED values. 

5 

IV. Preparing Dry Powders 

Dry powder formulations are preferably prepared by spray drying. Spray 
drying of the formulations is carried out, for example, as described generally in the 
"Spray Drying Handbook", 5 th ed., K. Masters, John Wiley & Sons, Inc., NY, NY 
10 (1991), and in Platz, R, et ai, International Patent Publication No. WO 97/41833 
(1997), the contents of which are incorporated herein by reference. 

Active agents having a solubility in water of at least about 0.10 mg/ml (e.g., 
peptides, proteins, nucleotides and the like) can be sprayed dried from an aqueous 
solution. Utilizing this approach, the active agent is first dissolved in water, 
15 optionally containing a physiologically acceptable buffer. The pH range of active 
agent-containing solutions is generally between about 4 and 11, with nearer neutral 
pHs being preferred, since such pHs may aid in maintaining the physiological 
compatibility of the powder after dissolution of powder within the lung. The 
aqueous formulation may optionally contain additional water-miscible solvents, such 
20 as acetone, alcohols and the like. Representative alcohols are lower alcohols such as 
methanol, ethanol, propanol, isopropanol, and the like. The pre-spray dried 
solutions will generally contain solids dissolved at a concentration from 0.01% 
(weight/volume) to about 20% (weight/volume), usually from 0.1% to 3% 
(weight/volume). 

25 The solutions are then spray dried in a conventional spray drier, such as 

those available from commercial suppliers such as Niro A/S (Denmark), Buchi 
(Switzerland) and the like, resulting in a dispersible, dry powder. Optimal conditions 
for spray drying the solutions will vary depending upon the formulation components, 
and are generally determined experimentally. The gas used to spray dry the material 

30 is typically air, although inert gases such as nitrogen or argon are also suitable. 
Moreover, the temperature of both the inlet and outlet of the gas used to dry the 
sprayed material is such that it does not cause decomposition of the active agent in 
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the sprayed material. Such temperatures are typically determined experimentally, 
although generally, the inlet temperature will range from about 50° C to about 200° 
C while the outlet temperature will range from about 30° C to about 1 50° C. 

Variations of the above are utilized for spray-drying formulations where the 
5 active agent is a hydrophobic drug. One such process is described in Gordon, M.S., 
Lord, J.D., U.S. Patent No. 5,985,248, assigned to Inhale Therapeutics Systems. In 
this method, a hydrophobic drug is dissolved in an organic solvent or co-solvent 
system, and the hydrophilic components (e.g., the leucyl-containing peptides and 
optional other excipients) are at least partially dissolved in the same organic solvent 
10 or co-solvent system. The resulting solution is then spray-dried to form particles. 
Typically, the solubility of the active agent and the hydrophilic component will 
govern the selection of the organic solvent system. The organic solvent is selected 
to provide a solubility for the hydrophilic component of at least 1 mg/ml, and 
preferably at least 5 mg/ml, and a solubility for the hydrophobic drug of at least 0.01 
15 mg/ml, preferably at least 0.05 mg/ml. 

Alternatively, the composition may be prepared by spray-drying a 
suspension, as described in Gordon, M.S., U.S. Patent No. 5,976,574, assigned to 
Inhale Therapeutic Systems. In this method, the hydrophobic drug is dissolved in an 
organic solvent, e.g., methanol, ethanol, isopropanol, acetone, heptane, hexane 
20 chloroform, ether, followed by suspension of the hydrophilic excipient in the organic 
solvent to form a suspension. The suspension is then spray-dried to form particles. 
Preferred solvents, for both of the above spray-drying methods include alcohols, 
ethers, ketones, hydrocarbons, polar aprotic solvents, and mixtures thereof. 
The dry powders of the invention may also be prepared by combining 
25 aqueous solutions or suspensions of the formulation components and spray-drying 
them simultaneously in a spray-dryer, as described in Gordon, M., U.S. Patent No. 
6,001,336, assigned to Inhale Therapeutic Systems. Alternatively, the dry powders 
may be prepared by preparing an aqueous solution of a hydrophilic excipient or 
additive, preparing an organic solution of a hydrophobic drug, and spray drying the 
30 aqueous solution and the organic solution simultaneously through a nozzle, e.g., a 
coaxial nozzle, to form a dry powder, as described in Gordon, M., et al, 
International Publication Number WO 98/29096. 
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Alternatively, powders may be prepared by lyophilization, vacuum drying, 
spray freeze drying, super critical fluid processing, air drying, or other forms of 
evaporative drying. In some instances, it may be desirable to provide the dry 
powder formulation in a form that possesses improved handling/processing 
5 characteristics, e.g., reduced static, better flowability, low caking, and the like, by 
preparing compositions composed of fine particle aggregates, that is, aggregates or 
agglomerates of the above-described dry powder particles, where the aggregates are 
readily broken back down to the fine powder components for pulmonary delivery, as 
described, e.g., in Johnson, K., etai, U.S. Patent No. 5,654,007, 1997, 
10 incorporated herein by reference. 

In another approach, dry powders may be prepared by agglomerating the 
powder components, sieving the materials to obtain agglomerates, spheronizing to 
provide a more spherical agglomerate, and sizing to obtain a uniformly-sized 
product, as described, e.g., and in Ahlneck, C, et al. International PCT Publication 
15 No. WO 95/09616, 1995, incorporated herein by reference. 

Dry powders may also be prepared by blending, grinding, sieving or jet milling 
formulation components in dry powder form. 

Once formed, the dry powder compositions are preferably maintained under 
dry {i.e., relatively low humidity) conditions during manufacture, processing, and 
20 storage. Irrespective of the drying process employed, the process will preferably 
result in respirable, highly dispersible particles comprising an active agent and a 
dileucyl-containing dimer or trimer. 

V. Features of Dry Powder Formulations 

25 Powders of the invention are further characterized by several features, most 

notably, (i) consistently high dispersivities, which are maintained, even upon storage 
(Example 8), (ii) small aerodynamic particles sizes (MMADs), (iii) improved fine 
particle dose values, i.e., powders having a higher percentage of particles sized less 
than 3 .3 microns MMAD, all of which contribute to the improved ability of the 

30 powder to penetrate to the tissues of the lower respiratory tract (i.e., the alveoli) for 
either localized or systemic treatment. These physical characteristics of the di-leucyl 
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peptide-containing dry powders, to be described more fully below, are important in 
maximizing the efficiency of aerosolized delivery of such powders to the deep lung. 

Dry powders of the invention are composed of aerosolizable particles 
effective to penetrate into the lungs. The particles of the invention have a mass 
5 median diameter (MMD) of less than about 20 um, preferably less than about 10 
urn, more preferably less than about 7.5 um, and most preferably less than about 4 
um, and usually are in the range of 0.1 um to 5 um in diameter. Preferred powders 
are composed of particles having an MMD from about 0.2 to 4.0 urn. In some 
cases, the powder will also contain non-respirable carrier particles such as lactose, 
10 where the non-respirable particles are typically greater than about 40 microns in 
size. 

The powders of the invention are further characterized by an aerosol particle 
size distribution less than about 10 um mass median aerodynamic diameter 
(MMAD), and preferably less than 4.0 (am. The mass median aerodynamic 
15 diameters of the powders will characteristically range from about 0. 1 - 10 um, 
preferably from about 0.2 - 5.0 um MMAD, more preferably from about 1 .0 - 4.0 
um MMAD, and even more preferably from about 1.5 to 3.5 um. Illustrative 
MMAD values for exemplary di-leucyl-peptide-containing powder compositions are 
provided in Examples 2, 3, 4, 5, and 6. Several of these examples demonstrate an 
20 improvement in aerosol particle size distribution achieved upon incorporation of a 
di-leucyl di- or tripeptide into the formulation. 

The powders of the invention may further be characterized by their densities. 
The powder will generally possess a bulk density from about 0. 1 to 10 g/cubic 
centimeter, preferably from about 0.1-2 g/cubic centimeter, and more preferably 
25 from about 0. 1 5-1 .5 g/cubic centimeter. 

The powders will generally have a moisture content below about 20% by 
weight, usually below about 1 0% by weight, and preferably below about 6% by 
weight. Such low moisture-containing solids tend to exhibit a greater stability upon 
packaging and storage. 
30 One of the most striking features of the compositions of the invention is their 

dispersibility, as indicated by the ED value. The presence of the di-leucyl peptide in 
the formulations is effective to provide formulations having significantly improved 
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dispersibilities. Generally, the emitted dose (ED) of these powders is greater than 
30%, and usually greater than 40%. More preferably, the ED of the powders of the 
invention is greater than 50%, and is often greater than 55%. In fact, in looking at 
the Examples, di-leucyl-peptide containing powders typically possess optimized ED 
5 values as high as 80% or above. Moreover, the Examples further illustrate that the 
incorporation of a di-leucyl di- or tripeptide into a variety of active agent 
formulations was effective, in all cases, to increase the ED value of the resultant 
compositions, and in some instances, as much as doubling its value. Moreover, this 
effect was observed for both protein and small molecule active agent powders. 
10 An additional measure for characterizing the overall aerosol performance of a 

dry powder is the fine particle dose (FPD), which describes the percentage of 
powder having an aerodynamic diameter less than 3.3 microns. The powders of 
the invention are particularly well suited for pulmonary delivery, and possess FPF 
values ranging from about 35%-85%. Such powders contain at least about 35 
15 percent of aerosol particle sizes below 3.3 urn to about 0.5 ^im and are thus 

extremely effective when delivered in aerosolized form, in reaching the regions of 
the lung, including the alveoli. 

The compositions described herein also possess good stability with respect to 
both chemical stability and physical stability, i.e., aerosol performance, over time 
20 (Example 8). Generally, with respect to chemical stability, the active agent 

contained in the formulation will degrade by no more than about 10% over a time 
course of three months, preferably by no more than about 7%, and more preferably 
by no more than 5%, upon storage of the composition under ambient conditions. 
As illustrated by the exemplary PTH formulation in Example 8, storage under 
25 accelerated stability conditions (40 °C, ambient humidity) for over a period of 3 

months (12 weeks) resulted in the degradation of only 2.3% protein (from an initial 
value of 97.1% purity to 94.8% purity). Since accelerated temperatures result in an 
increase in reaction rate, one can conclude that storage of the same composition 
under ambient conditions would result in a degradation rate less than 2.3%, further 
30 pointing to the chemical stability of the present compositions. 

With respect to aerosol performance, compositions of the invention are 
generally characterized by a drop in emitted dose of no more than about 20%, 
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preferably no more than about 1 5%, and more preferably by no more than about 
10%, when stored under ambient conditions for a period of three months. In 
looking at the results in Example 8, an exemplary PTH-trileucine formulation 
exhibited essentially no change, and in particular, no diminishment, in aerosol 

5 properties (MMAD, FPD, ED) upon storage under accelerated stability conditions 
(40 °C, ambient humidity). 

Another preferred feature of particulate compositions of the invention is an 
enrichment of the di-leucyl di- or tripeptide on the surface of the particles, as 
indicated by the results in Example 9. 

10 The improvement in aerosol properties discovered for di-leucyl di- and 

tripeptide-containing composition (i.e., greatly enhanced dispersibilities, reduced fine 
particle dose values, smaller aerodynamic diameters), can result in several related 
advantages, such as: (i) reducing costly drug loses to the inhalation device, since 
more powder is aerosolized and is therefore available for inhalation by a subject; (ii) 

15 reducing the amount of dry powder required per unit dose, due to the high efficiency 
of aerosolization of powder, (iii) reducing the number of inhalations per day by 
increasing the amount of aerosolized drug reaching the lungs of a subject. 

VI. Administration of the Composition 
20 The formulations described herein may be delivered using any suitable dry 

powder inhaler (DPI), i.e., an inhaler device that utilizes the patient's inhaled breath 
as a vehicle to transport the dry powder drug to the lungs. Preferred are Inhale 
Therapeutic Systems' dry powder inhalation devices as described in Patton, J.S., et 
al, U.S. Patent No. 5,458,135 (1995) Smith, A.E., et al., U.S. Patent No. 
25 5,740,794 (1998); and in Smith, A.E., et. al, U.S. Patent No. 5,785,049 (1998), 
herein incorporated by reference. 

When administered using a device of this type, the powder is contained in a 
receptacle having a puncturable lid or other access surface, preferably a blister 
package or cartridge, where the receptable may contain a single dosage unit or 
30 multiple dosage units. Convenient methods for filling large numbers of cavities (i.e., 
unit dose packages) with metered doses of dry powder medicament are described, 
e.g., in Parks, D.J., et al, WO 97/41031 (1997) incorporated herein by reference. 
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Also suitable for delivering the powders described herein are dry powder 
inhalers of the type described, for example, in Cocozza, S., et ai, U.S. Patent No. 
3,906,950 (1974), and in Cocozza, S., et ai, U.S. Patent No. 4,013,075 (1997), 
incorporated herein by reference, wherein a premeasured dose of dry powder for 
5 delivery to a subject is contained within a hard gelatin capsule. 

Other dry powder dispersion devices for pulmonarily administering dry 
powders include those described, for example, in Newell, R.E., et al, European 
Patent No. EP 129985 (1988); in Hodson, P.D., et ai, European Patent No. EP 
472598 (1996); in Cocozza, S., etal., European Patent No. EP 467172 (1994), and 
10 in Lloyd, L.J. et ai, U.S. Patent No. 5,522,385 (1996), incorporated herein by 
reference. Also suitable for delivering the dry powders of the invention are 
inhalation devices such as the Astra-Draco "TURBUHALER". This type of device 
is described in detail in Virtanen, R., U.S. Patent No. 4,668,281 (1987); in Wetterlin, 
K., et al U.S. Patent No. 4,667,668 (1987); and in Wetterlin, K., et al. U.S. Patent 
15 No. 4,805,8 1 1 (1989), all of which are incorporated herein by reference. Other 
suitable devices include dry powder inhalers such as the Rotahaler® (Glaxo), 
Discus® (Glaxo), Spiros™ inhaler (Dura Pharmaceuticals), and the Spinhaler® 
(Fisons). Also suitable are devices which employ the use of a piston to provide air 
for either entraining powdered medicament, lifting medicament from a carrier screen 
20 by passing air through the screen, or mixing air with powder medicament in a mixing 
chamber with subsequent introduction of the powder to the patient through the 
mouthpiece of the device, such as described in Mulhauser, P., et al, U.S. Patent No. 
5,388,572 (1997), incorporated herein by reference. 

Dry powders may also be delivered using a pressurized, metered dose inhaler 
25 (MDI), e.g., the Ventolin® metered dose inhaler, containing a solution or 
suspension of drug in a pharmaceutically inert liquid propellant, e.g., a 
chlorofluorocarbon or fluorocarbon, as described in Laube, et ai, U.S. Patent No. 
. 5,320,094 (1994), and in Rubsamen, R.M., et al, U.S. Patent No. 5,672,581 (1994), 
both incorporated herein by reference. Alternatively, the powders described herein 
30 may be dissolved or suspended in a solvent, e.g., water, ethanol, or saline, and 
administered by nebulization. Nebulizers for delivering an aerosolized solution 
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include the AERx™ (Aradigm), the Ultravent® (Mallinkrodt), and the Acorn II® 
(Marquest Medical Products). 

Prior to use, dry powders are generally stored under ambient conditions, and 
preferably are stored at temperatures at or below about 25°C, and relative humidities 
5 (RH) ranging from about 30 to 60%. More preferred relative humidity conditions, 
e.g., less than about 30%, may be achieved by the incorporation of a dessicating 
agent in the secondary packaging of the dosage form. 

VII. Utility 

10 The compositions of the invention are useful, when administered pulmonarily 

in a therapeutically effective amount to a mammalian subject, for treating or 
preventing any condition responsive to the administration of an active agent as 
described in section II. A above. 

The following examples are illustrative of the present invention, and are not 

15 to be construed as limiting the scope of the invention. Variations and equivalents of 
this example will be apparent to those of skill in the art in light of the present 
disclosure, the drawings and the claims herein. 

All articles, books, patents and other publications referenced herein are 
hereby incorporated by reference in their entirety. 

20 

Examples 

Materials and Methods 
A. Materials. 

Ciprofloxacin Hydrochloride (Neuland Laboratories, India). 
25 Gentamicin Sulfate (H&A (Canada) Industrial) 

Netilmicin Sulfate (Scientific Instruments And Technology) 
L-Leucine (Aldrich, St. Louis, MO) 
Hydrochloric Acid (J. T. Baker, Phillipsburg, N.J.) 

Sodium Hydroxide 0.1N Volumetric Solution (J. T. Baker, Phillipsburg, N.J.) 
30 Ethanol, 200 proof (USP/NF, Spectrum Chemical Mfg. Corp., New Brunswick, 
N.J.) 

Methanol (HPLC grade, EM Industries, Gibbstown, N.J.) 
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S. calcitonin (Bachem California Inc, USA Torrance, CA). 
Trileucine (Bachem California Inc, USA Torrance, CA). 

Other amino acids used in surface tension experiments were obtained from Sigma St. 
Louis, MO. 

5 

B. Methods. 

Particle size measurements (Horiba) 

Mass median diameters (MMD) of the powders were measured using a 
Horiba CAPA-700 particle size analyzer (Horiba Instruments inc., Irvine, CA). 
10 Measurements were based upon centrifugal sedimentation of dispersed particles in 
suspending medium. Mass median diameter, which is based on the particle's Stokes' 
diameter, was calculated using the particle density and the density and viscosity of 
the suspending medium. 

The density of the powder was set as 1 .5 g/cm 3 for all powders. (This 
15 nominal value was used for all powders analyzed and is within a range that is typical 
for spray dried powders). Particle size measurements were conducted with about 5 - 
10 mg powder suspended in 5 ml Sedisperse A-l 1 (Micromeritics, Norcross, GA) 
and dispersed by sonication for 10 minutes. The range over which particle size data 
was gathered was set to 0.4 to 10.0 urn. 

20 

Aerodynamic Particle Size Measurements 

Andersen Cascade Impactor . An Andersen cascade impactor (a sieve-like 
apparatus with a series of stages that capture particles on plates by inertial impaction 
according to their size) was used to determine the MMAD and particle size 

25 distribution of aerosolized powder formulations in an air stream. The plates were 
weighed before and after testing and the mass of powder deposited on the plate of 
each stage was determined. Unless otherwise indicated, studies were undertaken 
using a traditional Andersen cascade impactor having eight stages (from top to 
bottom stages 0 to 7) with cut-off sizes ranging from 9.0 to 0.4 urn, and a final filter 

30 stage that traps particles < 0.4 um when operated at a flow rate of 28.3 L/min. The 
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device test set-up was similar to the ED test, except that the cascade impactor and a 
USP (United States Pharmacopia) throat (USP 23, chapter <601>) were attached to 
the device mouthpiece rather than to a filter. Multiple dispersions were typically 
conducted for each cascade impaction run to achieve gravimetrically accurate data. 

5 Andersen Short Stack CSS - ) Method . In the SS method, the order in which 

the stages were placed were altered from the conventional Andersen cascade 
impactor set-up as described above. From the top, stage 0 was utilized for inlet 
cone attachment to connect the throat. Stage 3 was positioned next, beneath stage 
0, followed by the filter stage (stage F). The powder-containing airstream passes 

10 only through stages 0 and 3; air (but not powder) flows through the other stages, 
which are placed under stage F to hold the remainder of the assembly in place. A 
pre-weighed filter was placed on stage F and captured particles < 3.3 urn. A second 
filter was placed on an inverted plate under stage 3, and captured particles > 3.3 urn. 
For the studies described herein, one BP (blister pack) containing 2 mg of powder 

15 composition was dispersed in an aerosol delivery device and a vacuum was pulled at 
28.3 L/min as per USP methodology. This process was then repeated two times for 
a target mass of 6 mg per run. The filters were then removed and weighed to 
determine the amount of powder deposited. 



20 

Examnle 1 
Surface Activity of Pi- and Trinentides 

The surface tension of several representative dipeptides, tripeptides, and 
25 proteins was measured at 25 °C and 45 °C to provide an indication of their relative 
surface activities. Surface tension measurements were carried out using a Kruss 
Processor Tensiometer-K12 with the Wilhelmy-method (Plate method). 

Solutions were prepared by dissolving either 0.05%, 0.2%, or 0.6% 
peptide/protein (by weight) along with an appropriate amount of raffinose by weight 
30 to provide final solutions having a 1.0% by weight solids content. Surface tension 
measurements at 25 °C and 45 °C were then obtained for the test solutions at three 
different time points (49 seconds, 100 seconds and 194 seconds). The results are 
shown in Tables 1-5 below. 
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Highly surface active peptides and proteins are those that are effective to 
lower the surface tension of water from its control value(s). As can be seen in 
Tables 1-4, raffinose (which was added to each of the solutions to bring the overall 
solids content to 1.0%) is non-surface active, and thus does not impact the surface 

5 tension results obtained for each of the peptides/proteins. 

In looking at the results below, it can be seen that highly surface active 
peptides include the peptides, dileucine and trileucine. These peptides were as 
effective as the highly surface active protein, salmon calcitonin, at significantly 
lowering the surface tension of water. Trileucine was effective at lowering the 

10 surface tension of water to a greater extent at higher concentrations (see, for 

example, data for 0.05%, 0.2% and 0.6% by weight tri-leucine). In comparison to 
trileucine and dileucine, the dimer of isoleucine and the dimer and trimer of valine 
were not particularly effective at lowering the surface tension of water. 

This method can be used to identify additional surface active di- and tri- 

15 peptides suitable for use in the dry powders of the invention. 
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Table 1. Surface Tension Measurements 



SAMPLE ST,mN/m time,s ST.mN/m times St,mN/m times 



water blank- 1 


72.6 


49 


72.6 


100 


72.6 


194 


water blank-2 


72.5 


49 


72.5 


100 


72.4 


194 


water blank-3 


72.5 


49 


72.4 


100 


72.4 


194 
















1% raffinose-1 


72 


49 


72 


100 


72 


194 


1% raffinose-2 


72 


49 


72 


100 


72 


194 


1% raffinose-3 


72 


49 


72 


100 


72 


194 
















0.2% tri-alanine-1 


72.4 


49 


72.4 


100 


72.3 


194 


0.2% tri-alanine-2 


72.2 


49 


72.2 


100 


72.2 


194 


0.2% tri-alanine-3 


72.3 


49 


72.2 


100 


72.2 


194 
















0.2% tri-glutamate- 1 


72.1 


49 


72.1 


100 


72.1 


194 


0.2% tri-glutamate-2 


72.4 


49 


72.4 


100 


72.4 


194 


0.2% tri-glutamate-3 


72.4 


49 


72.4 


100 


72.3 


194 
















0.2% di-alanine-1 


72 


49 


72 


100 


71.9 


194 


0.2% di-alanine-2 


72 


49 


71.9 


100 


71.9 


194 


0.2% di-alanine-3 


72.1 


49 


72.1 


100 


72.1 


194 
















0.2% di-leucine-1 


58.4 


49 


58.1 


100 


57.9 


194 


0.2% di-leucine-2 


58.7 


49 


58.3 


100 


58.2 


194 


0.2% di-leucine-3 


60.1 


49 


59.8 


100 


5y. / 


194 
















0.2% tri-leucine- 1 


51 


49 


50.9 


100 


50.9 


194 


0.2% tri-leucine-2 


51 


49 


50.8 


100 


50.7 


194 


0.2% tri-leucine-3 


51 


49 


50.8 


100 


50.7 


194 
















0.2% sal. Calcitonin- 1 


48.7 


49 


48.6 


100 


48.5 


194 


0.2% sal.calcitonin-2 


48.4 


49 


48.4 


100 


48.4 


194 


0.2% sal.calcitonin-3 


48.4 


49 


48.4 


100 


48.4 


194 

















Measurements conducted at 25 °C. The 0.2% (wt/vol) solutions additionally contain 
5 raffinose to form solutions having a total solids content of 1% (wt/vol). 
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Table 2. Surface Tension Measurements 



SAMPLE ST,mN/m times ST,mN/m times SUmiN/m times 



water blank- 1 


72 


49 


71.8 


100 


71.7 


194 


water blank-2 


72.2 


49 


72.2 


100 


72.2 


194 


water blank-3 


71.5 


49 


71.6 


100 


71.6 


194 
















0.2% di-isoleucine-1 


67.6 


49 


67.2 


100 


67 


194 


0.2% di-isoleucine-2 


68 


49 


67.8 


100 


67.6 


194 


0.2% di-isoleucine-3 


67.7 


49 


71.6 


100 


71.6 


194 
















0.2% di- valine- 1 


71.7 


49 


71.6 


100 


71.6 


194 


0.2% di-valine-2 


71.6 


49 


71.6 


100 


71.6 


194 


0.2% di-valine-3 


71.7 


49 


71.6 


100 


71.6 


194 
















0.2% tri-valine-1 


68.8 


49 


68.8 


100 


68.8 


194 


0.2% tri-valine-2 


68.8 


49 


68.7 


100 


68.7 


194 


0.2% tri-valine-3 


68.7 


49 


68.7 


100 


68.7 


194 

















Surface tension measurements conducted at 25 °C. 



5 Solutions contained 0.20% (wt/vol) of one of: di-isoleucine, di-valine, or tri-valine 
and 0.80% (wt/vol) raffinose. 
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Table 3 . Surface Tension Measurements 

SAMPLE ST,mN/m times ST, mN/m times St.mN/m time.s 



l%raffinose(pH4)-l 


71.4 


49 


71.4 


100 


71.4 


194 


1% raffinose (PH4)-2 


71.1 


49 


71.1 


100 


71.1 


194 


1% raffinose (pH4)-3 


71.1 


49 


71.1 


100 


71.1 


194 
















l%raffinose(pH7)-l 


71.1 


49 


71.1 


100 


71.1 


194 


1% raffinose (pH7)-2 


71.1 


49 


71.1 


100 


71.1 


194 


1% raffinose (pH7)-3 


71.1 


49 


71.1 


100 


71.1 


194 
















water blank- 1 


72.1 


49 


72 


100 


72 


194 


water blank-2 


72.2 


49 


72.1 


100 


72 


194 


water blank-3 


72.2 


49 


72.1 


100 


72 


194 
















0.05%leu3(pH4)-l 


59.9 


49 


59.8 


100 


59.7 


194 


0.05% leu3(pH4)-2 


60.4 


49 


60.3 


100 


60.2 


194 


0.05% leu3(pH4)-3 


60.4 


49 


60.3 


100 


60.2 


194 
















0.2% leu3(pH4)-l 


51.4 


49 


51.2 


100 


51.1 


194 


0.2% leu3(pH4)-2 


51.4 


49 


51.3 


100 


51.2 


194 


0.2% leu3(pH4)-3 


51.4 


49 


51.2 


100 


51.1 


194 
















0.6% leu3(pH4)-l 


44.2 


49 


44.1 


100 


44 


194 


0.6% leu3(pH4)-2 


44.3 


49 


44.2 


100 


44.2 


194 


0.6% leu3(pH4)-3 


44.2 


49 


44.2 


100 


44.1 


194 
















0.05% leu3(pH7)-l 


60.1 


49 


59.8 


100 


59.7 


194 


0.05% leu3(pH7)-2 


60 


49 


59.8 


100 


59.7 


194 


0.05% leu3(pH7)-3 


60.2 


49 


60 


100 


59.8 


194 
















0.2% leu3(pH7)-l 


51 


49 


50.8 


100 


50.7 


194 


0.2% leu3(pH7)-2 


50.9 


49 


50.7 


100 


50.6 


194 


0.2% leu3(pH7)-3 


50.7 


49 


50.5 


100 


50.4 


194 
















0.6%leu3(pH7)-l 


43.7 


49 


43.7 


100 


43.6 


194 


0.6% leu3(pH7)-2 


43.8 


49 


43.7 


100 


43.7 


194 


0.6% leu3(pH7)-3 


43.8 


49 


43.7 


100 


43.7 


194 
















water blank-5 


71.7 


49 


71.7 


100 


71.6 


194 


water blank-6 


72.2 


49 


72.1 


100 


72.1 


194 

















Surface tension measurements measured at 25 °C. The trileucine formulations also 
contain raffinose to provide solutions having a total solids content of 1% (wt/vol). 

5 
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Table 4. Surface Tension Measurements 



SAMPLE ST,mN/m time,s ST, mN/m time, 8 St.mN/m lime.s 



water blank-5 


69.2 


49 


69.2 


100 


69.2 


194 
















1% raffinose(pH4)-l 


67.9 


49 


68 


100 


68 


194 


1% raffinose (pH4)-2 


68.2 


49 


68.2 


100 


68.2 


194 


1% raffinose (pH4)-3 


68 


49 


68 


100 


68.1 


194 
















1% raffinose (pH7)-l 


68.3 


49 


68.3 


100 


68.3 


194 


1% raffinose (pH7)-2 


68.4 


49 


68.4 


100 


68.4 


194 


1% raffinose (pH7)-3 


68.4 


49 


68.4 


100 


68.4 


194 
















Leu3 formulations contain 
raffinose to make 1% total 
solids content 




























0.05% leu3(pH4)-l 


57.1 


49 


57 


100 




194 


0.05% leu3(pH4)-2 


58.1 


49 


57.9 


100 


57.8 


1 94 


0.05% leu3(pH4)-3 


58 


49 


57.8 


100 


57.8 


i r\/1 

194 
















0.2% leu3(pH4)-l 


47.9 


49 


47.5 


100 


47.4 


1 C\ A 

194 


0.2% leu3(pH4)-2 


47.2 


49 


47.2 


100 


413 


1 C\ A 

194 


0.2% leu3(pH4)-3 


47.9 


49 


47.3 


100 


A 1 -I 

47.1 


i r\ a 

194 
















0.6% leu3(pH4)-l 


40.9 


49 


40.9 


100 


40. a 


194 


0.6% leu3(pH4)-2 


41.1 


49 


A 1 

41 


1 AH 

100 


40.9 


194 


f\ /TO/ 1 . /__T_T A \ *5 

0.6% leu3(pH4)-3 


A 1 1 

41.1 


AO 
4V 


4 1 


1 uu 


4A 8 


1 04 
















0.05%leu3(Ph7)-l 


58.5 


49 


58.4 


100 


58.4 


194 


0.05% leu3(pH7)-2 


58.2 


49 


58.2 


100 


58.1 


194 


0.05% leu3(pH7)-3 


58.2 


49 


58.1 


100 


58.1 


194 
















0.2% leu3(pH7)-l 


58.5 


49 


58.4 


100 


58.4 


194 


0.2% leu3(pH7)-2 


58.2 


49 


58.2 


100 


58.1 


194 


0.2% leu3(pH7)-3 


58.2 


49 


58.1 


100 


58.1 


194 

















Surface tension measurements taken at 45 °C. Tri-leucine-containing formulations also contain 
5 raffinose to provide a solution having a total solids content of 1%. 

Additional surface tension measurements were obtained to determine dimers and trimers 



for use in the invention (i.e., surface active dimers and trimers). 
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Table 5. Surface Tension of Representative Dimers and T rimers 







25 O 




jfC of"* 

40 L» 




25 °C 


45 °C 






Actual 




Actual 




Extrapolated 

▼ allies 


Extrapolated 

\7 o 1 1 1 ar 

V UIUC9 


SAMPLE 


concentration 
mg/ml 


MEAN 


SD 


MEAN 


SD 


at 2 mg/ml 


at 2 mg/ml 


Dimers 
















Leu-2 


13.60 


46.6 


0.6 


42.7 


0.3 


60.4 


52.4 




4.53 


54.9 


0.5 


ylO O 

48.2 


f\ 1 

U. 1 








1 CI 

1.51 


^ 1 c 

61.5 


0.6 


53.2 


0. 1 






_____ 

Leu-Val 


8.80 


59.1 


0.2 


55.7 


0.3 


67.2 


62.3 




2.93 


63 


0.2 


£. A A 

60.4 


u.u 








0.98 


69.2 


f\ A 

0.4 


64.2 


\).Z 






Leu-Tvr 


6.40 


62.2 


0.1 


59.5 


0.3 


68.3 


67.3 




2. 13 


68. U 


(\ 1 


OJ.D 


V.J 








U. / 1 


/ 1.5 


U 


OO.U 


f\ 1 






Val-Leu 


7.80 


68 


0 


63.5 


0.2 


69.8 


65.3 




2.60 


69.5 


0.1 


65.0 


0.2 








0.87 


70 


0.5 


65.5 


0.0 






Val-lle 


10.00 


66.1 


0 


61.9 


0.2 


____ 

70.3 


65.8 




3.33 


70.1 


0.3 


65.3 


0.1 








1.11 


71.6 


0.2 


66.3 


0.2 






Leu 


TBD 


I 56.7 


0.3 


54.7 


0.2 










66.3 


0.2 


61.4 


0.2 






Trimers 




70.8 


0.2 


64.2 


0.0 






Leu-Tyr- 
Leu 


2.90 


44.7 


0.1 


40.8 


0.0 


47.9 


44.7 




0.97 


51.6 


0.1 


49.1 


0.1 








0.32 


58.4 


0.1 


55.4 


0.3 






Leu-Phe- 
Leu 


6.10 


41.5 


0.2 


39.3 


0.0 


48.3 


46.2 




2.03 


48.3 


0 


46.2 


0.1 








0.68 


54.7 


0.1 


53.6 


0.1 






Leu-3 


6.10 


42.4 


0 


38.9 


0.2 


49.7 


46.3 




2.03 


49.7 


0 


46.3 


0.3 








0.68 


56.9 


0 


52.8 


0.6 






Leu-Leu- 
Ala 


6.80 


39.9 


0.5 


48.4 


0.2 


46.6 


49.8 




2.27 


43.5 


0.8 


48.2 


4.3 








0.76 


60.7 


0.4 


58.3 


0.5 






Ala-Val- 
Leu 


8.70 


55.7 


0.2 


53.8 


0.0 


65 


58.9 




2.90 


62.8 


0.5 


57.7 


0.2 








0.97 


67.5 


0.5 


60.3 


0.1 
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As can be seen from the above, surface active dimers and trimers are more 
effective when present at higher concentrations at lowering the surface tension of 
water. As an example, at a concentration of 1.20 mg/ml, the presence of trileucine 
was effective to lower the surface tension of water from about 72 mN/m to 42 mN/s, 

5 while at a concentration of 0.68 mg/ml, trileucine was effective at lowering the 
surface tension of water to about 57 mN/m. 

To normalize for concentration effects, surface tension values were 
extrapolated to solutions having a concentration of 2 mg/ml (Table 5, columns 7 and 
8). Looking first at the dimers, dileucine was more effective than any of the other 

10 dimers examined in reducing the surface tension of water. Looking at data for the 
trimers, leu-tyr-leu is the most surface active of the trimers. Trimers containing, in 
addition to two leucyl residues, a hydrophobic amino acid such as tyrosine, 
phenylalanine, leucine, or alanine, are more surface active than trimers containing 
fewer than two leucyl residues. 

15 In summary, dimers and trimers containing two or more leucines were 

effective at significantly lowering the surface tension of water (e.g., leu-try-ala, leu- 
phe-leu, leu-leu-leu, leu-leu-ala, and the like), and are preferred for use in the 
compositions of the invention. 

20 Examnle 2 

Aerosol Properties of a Parathyroid Hormone fPTHWTrileucine Dry Powder 

Dry powders containing an illustrative active protein, parathyroid hormone, 
in combination with either leucine or tri-leucine, were prepared. Also prepared was 
25 a dry powder absent either leucine or trileucine, to demonstrate the notable 
improvement in aerosol properties upon addition of trileucine. 
Representative PTH powders were prepared as follows. 



A. Solution Formulation Preparation 



30 



(w/v) 



dried. 



Aqueous formulation solutions were prepared at a total solids content of 1% 
The pH of each solution was determined, and solutions were then spray- 
Table 6 lists the compositions of all pre-spray-dried PTH solutions. 
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B. Powder Processing: Spray Drying 

Powders were produced by spray drying aqueous solutions of PTH as 
described in A. above using a Buchi 190 mini spray dryer (Buchi Labortechnik AG, 
Meierseggstrasse, Switzerland) equipped with a customized nozzle (Platz, R., et ah, 
5 Inhale Therapeutic Systems' International Patent Publication No. WO 97/4 1 833, 
Nov. 13, 1997) and cyclone. High collection efficiencies (yields), usually between 
about 50-80%, were attained. 



Table 6. PTH Dry Powder Compositions 



Lot No. 


Com- 
position 


Emitted 
Dose, % 
mean 
n=10 


RSD, % 


MMAD 
(urn) 


FPD 


R97190 


30% PTH 

70% 

mannitol 


62 


4 








30% PTH 

70% 

raffinose 


66 


9 






R97191 


75% PTH 

25% 

mannitol 


51 


3 








30% PTH 
70% leu 


78 




2.43 


0.58 




30% PTH 
70% tri- 
leu 


83 




2.63 


0.45 



10 In looking at the results in Table 6 (and in other tables as well), it can be seen 

that the addition of trileucine is effective to significantly improve the aerosol 
performance of the resulting powder. The aerosol performance of a PTH dry 
powder, as indicated by its ED value, was unexpectedly increased from 51-62% to 
83% by the addition of tri-leucine to the formulation. These data illustrate a 

15 tremendous improvement in emitted dose, achieved simply by addition of the 

exemplary surface active tripeptide, tri-leucine to the formulation. Surprisingly, even 
upon correcting on a mole-to-mole basis for the number of leucine amino acids 
contained in trileucine (3 moles leu per mole of trileucine), trileucine is more 
effective than leucine, on a per weight basis, at increasing the dispersivity of dry 

20 powder compositions for delivery to the lung. 
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Example 3 

Aerosol Properties of Alhiiterol-Trileucine Drv Powders 

Dry powders containing the small molecule, albuterol, were prepared to 
5 examine the effects of trileucine on the dispersivity/aerosol properties of dry 
powders containing a non-proteinaceous active agent. 

A. Solution Formulation Preparation 

Formulation solutions were prepared at a total solids content of 1% (w/v). 
For low solids-containing solutions, raffinose was added to bring the total solids 
10 content to the above value. Table 7 lists the compositions of all pre-spray dried 
solutions. 

37. Powder Processing: Spray Drying 

Powders were produced by spray drying aqueous solutions of albuterol, 
surface active di- or tri-peptide, and/or other excipient(s) using a Buchi 190 mini 
15 spray dryer (Buchi Labortechnik AG, Meierseggstrasse, Switzerland) as described in 
Example 2 above. Characteristics of the resultant powders are provided in Tables 7 
and 8 below. 



Table 7. Albuterol Dry Powders 



Formulation 


Emitted Dose, % 


Tg, °C 


2% albuterol 
98% raffinose 


31 


102.2 


2% albuterol 
5% leucine 
raffinose 


31 


88.57 


2% albuterol 
20% leucine 
raffinose 


34 


93.1 


2% albuterol 
60% leucine 
raffinose 


74 


96.6 


2% albuterol 
5% trileucine 
raffinose 


62 


85.3 


2% albuterol 
20% trileucine 
raffinose 


78 


95.9 


2% albuterol 
60% trileucine 
raffinose 


82 


88.6 
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Table 8. Additional Aerosol Properties of Albuterol Dry Powders 



Formulation 


FPD 


MM AD, microns 


2% albuterol 


0.56 


2.43 


60% leucine 






raffinose 






2% albuterol 


0.59 


2.43 


20% tri-leucine 






raffinose 







As can be seen from the results provided above, the addition of trileucine 

5 increased the emitted dose of albuterol dry powders from about 30% to about 80% - 
an improvement in dispersivity of nearly three-fold! Thus, the addition of a surface 
active di- or tri-peptide to an active agent dry powder can, by greatly improving the 
powder's dispersivity, (i) reduce costly drug loses to the inhalation device, (ii) 
reduce the number of required inhalations per day by increasing the amount of 

10 aerosolized drug reaching the alveoli of a patient, (iii) reduce the amount of dry 

powder per unit dose, due to the high efficiency of aerosolization of dry powder, and 
(iv) increase the ease of manufacturing unit dosage forms of powdered drug, due to 
increased flowability of powder. 

Additionally, the addition of 60% by weight leucine was required to achieve 

15 the same level of dispersivity achieved by the addition of only 20% by weight tri- 
leucine. Thus, tri-leucine is much more effective than leucine in improving the 
aerosol performance of dry powders. Moreover, a maximum in aerosol performance 
is typically achieved by the addition of only from about 5-25% (wt) trileucine; 
quantities greater than that typically provide only incremental improvements in 

20 dispersivity. 

The dispersibility-enhancing effects of tri-leucine, and other surface active di- 
and tri-peptides, appear to be general, and extend to not only protein powders, but 
to powdered formulations of a wide variety of active agents (e.g., small molecules, 
hormones, antibiotics, and the like), as illustrated by the Examples provided herein. 

25 
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Example 4 

Aerosol Pronerties of Salmon Ca lcitonin-Trileiicine Drv Powders 

The effects of trileucine on the aerosol performance of dry powders 
5 containing salmon calcitonin, a hormone with a molecular weight of approximately 

4500 daltons, were examined. 

Although salmon calcitonin is a highly surface active protein, spray-dried 

powders containing 5% (wt) salmon calcitonin and 95% (wt) raffinose exhibited 

relatively low emitted dose values (of approximately 50%). In efforts to further 
10 explore the broad applicability of adding surface active di- and tri-peptides to 

powder formulations to increase their dispersivity, tri-leucine was added to salmon 

calcitonin-containing formulations to examine its impact on the resulting powders. 

The ability of tri-leucine to improve the dispersibility of salmon calcitonin containing 

dry powders was compared to the amino acid, leucine. 
15 Powders having the compositions indicated below were prepared as 

described in Examples 2 and 3 above. 
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Table 9. S. Calcitonin Dry Powders 



Formulation 


Emitted Dose 


FPD 


Tg,°C 


J /O Z». \^t*lCllVlilll 

95% raffinose 


48 


0.30 


89.9 


5% s. Calcitonin 

ll=»11f ITlf^ 

raffinose 


47 


0.31 


89.3 


5% s. Calcitonin 

4\t /o leucine 

raffinose 


50 


0.28 


82.9 


5% s. Calcitonin 

/o leucine 

raffinose 


48 


0.29 


82.3 


5% s. Calcitonin 

u\j /o leucine 

raffinose 


53 


0.22 


80.5 


5% s. Calcitonin 

w /o LCULIIIC 

raffinose 


64 


0.29 


74.5 


5% s. Calcitonin 

^fi/r\ f ri ■Ii*tif , i np 
J /O Lll'ICUClllC 

raffinose 


58 


0.46 


89 


5% s. Calcitonin 

/o iii'ieucine 

raffinose 


72 


0.50 


91.1 


5% s. Calcitonin 
40% tri-leucine 
raffinose 


76 


0.46 


83.4 


5% s. Calcitonin 
60% tri-leucine 
raffinose 


84 


0.49 


94.3 


5% s. Calcitonin 
80% tri-leucine 
raffinose 


86 


0.49 


115.2 



Representative mass median aerodynamic diameters were determined for two 
of the formulations. 
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Table 10. Mass Median Aerodynamic Diameters of Calcitonin Powders 



Formulation 


MMAD 


5% s. Calcitonin 


3.39 ! 


20% leucine 




raffinose 




5% s. Calcitonin 


2.87 


20% tri-leucine 




raffinose 





From the above data, it can be seen that tri-leucine can be used to improve 
the aerosol properties of dry powder formulations of a wide range of active 

5 agents/medicaments for aerosolized delivery to the lung. 

Trileucine provided nearly a 100% improvement in the emitted dose value of 
a control powder containing salmon calcitonin and raffinose, nearly doubling its ED 
value from 48% to 86%. Moreover, tri-leucine was more effective in enhancing 
powder dispersibility than leucine. While a representative formulation containing 

10 80% by weight leucine exhibited an ED value of 64%, formulations containing 60- 
80% tri-leucine possessed ED values from 84-86%, further indicating the superiority 
of tri-leucine in significantly enhancing the aerosol performance of dry powders. 

Example 5 

15 Aerosol Properties of Antihiotic-Tr ileiicine Drv Powders 

The ability of tri-leucine to improve the dispersibility of antibiotic-containing 
dry powders was explored. 

20 A. Antibiotic Control Powders Absent Trileucine 

Ciprofloxacin Powders. Aqueous solutions containing the components 
presented in Table 9 were prepared at a total solids content of 1% (w/v). The pH of 
each solution was determined, and solutions were then spray-dried as described in 
Example 2 to prepare dry powders. 
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Table 11. 



Batch Number 


Quantitative Composition Prior to 
Spray Drying 1 


Moisture 
Content 


MMA 
D 

(f» m ) 


Emitted 
Dose 


(1) 1326-16 


Ciprofloxacin hydrochloride 1 136 mg 
DI water 113 ml 

solid product: 100% 
cipro 


1.4% 


2.8 


42% 
(RSD=8) 


(2) 1326-29 


Ciprofloxacin hydrochloride 2047 mg 
Dl water 200 ml 
Sodium hydroxide QS to pH= 12 

solid product: 100% 
cipro 


3.2% 


4.5 


51% 

(RSD=7) 


(3) 1300-MG-7 


Ciprofloxacin hydrochloride 1995 mg 
Methanol 100 ml 
DI water 100 ml 

solid product: 100% 
cipro 


1.2% 


2.9 


33% 
(RSD=13) 



Gentilmicin, Netilmicin Powders. 

Dry powder compositions containing gentamicin or netilmicin were prepared by 
5 mixing gentamicin sulfate or netilmycin sulfate and excipient(s) (if used) with a liquid 

medium to form a solution. The pH of the solution was adjusted as appropriate to facilitate 
solubilization and/or stabilization of the components in the solution. Quantitative 
formulations are identified in Table 12 below. The solutions were then spray-dried as 
described in Example 2 above to yield dry powders. For formulations that utilized organic 
10 solvents, a modified Buchi 190 Mini Spray Dryer was used that was supplied with nitrogen 
as the gas source and equipped with an oxygen sensor and other safety equipment to 
minimize the possibility of explosion. 
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Table 12. Gentamicin/Netilmicin Dry Powders 



Hatch 

Number 


fin a-Mt-tV^fritT a l^nmnncifinn 

^udnuiauvc \_umpuaiiiun 


Content 


MM AD 
(Mm) 


1 illllllCU 1/U3C 


1 iio-i 1 


3entamiciu sulfate 2076 mg 
DI water 200 ml 
Hydrochloric acid QS to pH=5 


f. 1 /o 






1326-32 


Cientamicin sulfate 2053 me 
DI water 200 ml 
Sodium hvdroxide QS to 
£H=10 


1.1%' 


2.4 


40%(RSD=14) 


1300-MG-l 1 


Gentamicin sulfate 2012 mg 
Ethanol 40 ml 
DI water 160 ml 


4.8% 2 


3.0 


45%(RSD=10) 


1300-MG-9 


Netilmicin Sulfate 1626 mg 
DI water 163 ml 


4.2% 


3.2 


47% (RSD=8) 


1300-MG-l 4 


Netilmicin Sulfate 1 5 1 2 mg 
Ethanol 30 ml 
DI water 120 ml 


5.1% 


2.9 


39% (RSD=7) 



' Determined with Karl-Fischer reagent titrimetric method 
7 Determined with theimogravimelric analysis 
5 3 Relative Standard Deviation 



B. Trileucine-Containing Antibiotic Powders 

Aqueous solutions (100 ml total volume) containing antibiotic and tri-leucine at a 
total solids content of 1% were prepared and the pH of the solutions adjusted to pH 4. The 
10 resulting solutions were then spray-dried to produce powders having the relative amounts of 
antibiotic and tri-leucine indicated in Table 13 below. 
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Table 13. Antibiotic-Trileucine Dry Powders 



Formulation 


Yield, % 


MMAD, um 


FPD (<3.3 um) 


ED, % 


95% Cipro 
5% Leu-3 


64.2 


2.43 


0.57 


77.7 


75% Cipro 
25% Leu-3 


N.A. 


2.65 


N.A. 


83.0 


45% Cipro 
55% Leu-3 


55.0 


2.62 


0.48 


70.7 


95% Gent. 
5% Leu-3 


61.4 


2.15 


0.66 


75.7 


75% Gent. 
25% Leu-3 


52.0 


2.25 


0.66 


93.9 


55% Gent. 
45% Leu-3 


54.2 


2.51 


0.51 


87.3 


95% Netil. 
5% Leu-3 


62.0 


2.08 


0.58 


82.4 


75% Netil. 
25% Leu-3 


50.0 


2.14 


0.66 


91.3 


55% Netil. 
45% Leu-3 


40.0 


2.73 


0.49 


90.4 



As can be seen from the results in Table 13, the addition of tri-leucine was 
effective to notably enhance the dispersibility of powders prepared from three 

5 different antibiotic compounds from two different antibiotic classes, ciprofloxacin (a 
quinolone), gentamicin and netilmicin (aminoglycosides). The ED values for 
ciprofloxacin powders increased from values ranging from 33-51% to values ranging 
from 71-83%, Similar beneficial results were observed for gentamicin powders, 
whose ED values were improved from 37-45% to 76-94% by addition of tri-leucine, 

10 and for netilmicin, whose ED values improved from 39-47% to 82-91%. The 

optimal relative amount of tri-leucine was determined for each of the three antibiotic 
powders and determined to be approximately 25%, i.e., optimal ED values were 
observed for powders containing 25% by weight tri-leucine relative to antibiotic. 
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Example 6 

Aerosol Properties of Powders C ontaining Interferon-B in Combination with 

Trilencine 

The broad applicability of the use of surface active di- and tri-peptides for 
increasing powder dispersivity was further explored in interferon-P powders. 
Interferon-p (a type I interferon) is a cytokine with antiviral, antiproliferative, and 
immunomodulatory activity. 

Powders containing interferon-P and optionally tri-leucine and/or other 
excipients (hydroxyethylstarch, HES and raffinose) were prepared as described 
above. The solids content of the pre-dried solutions was 1%, with the exception of 
Lot No. RB27, which possessed a solids content of 0.5%. The composition of the 
final powders is given in Table 14 below. 



Table 14. Interferon-P Powders Containing Tri-leucine 



Lot# 


Com p. 


ED, % 

mean 

(n=10) 


RSD, % 


MMAD, 
um 


FPD, % 


Yield, 

% 


%<5 
p.m, % 


RB19 


10% IFN-P 
45%Leu-3 
45% HES 


81 


7 


3.2 


48 


56 


79 


RB21 


10% IFN-P 
45% Leu-3 
45% Raff. 


80 


6 


2.9 


46 


61 


85 


RB24 


10% EFN-P 
90% Leu-3 










9* 




RB27 


10% IFN-P 
67.5% Leu- 
3 

22.5% Raff. 


74 


4 


2.9 


49 


40 


81 


RB29 


10% IFN-P 
45% Leu-3 
45% HES 


79 


5 


3.2 


41 


50 


83 


RB36 


10% IFN-P 
22.5% Leu- 
3 

67.5% Raff. 


87 


3 






61 




99320 


10% IFN-P 
90% Raff. 


64 













*No tests performed due to low yield. 



As with the other active-agent containing powders, the addition of tri-leucine 
20 to powders composed of interferon-P served to increase the dispersivity and overall 
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aerosol properties of the resulting powder. Although the improvement was not as 
striking in some of the previous examples, addition of tri-leucine enhanced the ED 
values of an interferon-P powder from 64% to 74-87%. As in the previous example, 
it appears that an optimal amount of tri-leucine is around about 22-25% by weight 
5 for the IFN-3 powder. 

Examnle 7 
Factor TX Drv Powders 

10 Powders containing factor IX, a 55,000 dalton glycoprotein with a modular 

domain structure and numerous posttranslational modifications, useful in the 
treatment of hemophilia B, and trileucine and/or other excipient(s), were prepared to 
further explore the dispersivity-enhancing effects of tri-leucine and other surface 
active di- and tri-peptides on different medicaments. 

15 Powders containing Factor IX, both with and without leucine or a leucine- 

containing dimer or trimer, were prepared as described previously. The solids 
content of the pre-spray-dried solution was 1 % by weight (w/v). Yields of the 
spray dried powders ranged from 40 to 60%. The formulations of the dried powders 
are provided in Table 1 5 below. 

20 

Table 15. Factor IX Powders 



Formulation 


Emitted Dose 
(RSD) 


MMAD 


93% Factor IX/7% 


57 




NaCitrate 


(5 %) 




37% Factor IX/3% Na 


78 


2.9 


Citrate/60% Leucine 


(3%) 




56% Factor IX/4% Na 


89 


2.7 


Citrate/40% Trileucine 


(5%) 





The results in Table 1 5 further support the effectiveness of tri-leucine at 
significantly improving the dispersibility of dry powder compositions, irrespective of 
25 the active agent contained in the composition. Moreover, as in the previous 

examples, tri-leucine is better than leucine in significantly improving the dispersibility 
of the composition (from an ED of 57% to 89%), and can achieve such enhancement 
when used in smaller quantities than leucine. 
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Examnle 8 
Stability Studies 

5 

The chemical and physical stability of packaged PTH powders under 
accelerated stability conditions were evaluated on the basis of the change in protein 
concentration and aerosol properties measured between initial and 3 -month time 
points. PTH-trileucine and PTH-leucine powders were prepared as in Example 2 
10 above. 

Powders were hand-filled in blister packs (BPs). The blister packs were 
placed in petri dishes (20-60 BPs/dish). 



15 



Formulation ID 


Packaged 


%Purity 


% Emitted 


Fine 


MM AD 


% Wt. 


Composition 


Storage Condition 


(by area) 


Dose 


Particle 


(nm) 


Change 


no 2 nd wrap 




(rsd) 


Dose 




(TGA) 




no dessicant 






(FPD) 








40°C/ambient RH 






<3.3nm 






R99484 


initial 


97.0 


79.6 (3) 


0.58 


2.5 


1.4 


30% PTH/ 


4 weeks 


n/a 


74.9 (5) 


n/a 


n/a 


1.7 


70%Leucine 


6 weeks 


n/a 


75.2 (6) 


n/a 


n/a 


n/a 




8 weeks 


95.2* 


78.8 (6) 


0.55 


2.4 


2.2 




12 weeks 


n/a 


78.6 (3) 


n/a 


n/a 


TBD 


R99485 


initial 


97.1 


79.4 


0.45 


2.9 


2.6 


30% PTH/ 70% 


4 weeks 


n/a 


75.8 


n/a 


n/a 


2.4 


tri-leucine 


6 weeks 


n/a 


81.6 


n/a 


n/a 


n/a 




8 weeks 


94.8 


81.6 


0.44 


2.9 


2.4 




12 weeks 


n/a 


out of BP 


n/a 


out of 


out of BP 












BP 





20 



* the chemical stability of the 8 weeks, 40°C/ambient RH sample is similar to the stability 
of the 

6 months, 40°C/dry sample (foiled wrapped w/ desiccants) of a 30% PTH/70% mannitol 
formulation. 



In looking at the results in Table 16, it can be seen that the trileucine- 
containing formulation is both chemically and physically stable upon storage, even at 
temperatures increased over ambient. Specifically, the 30% PTH/70% trileucine 
powder exhibited minimal degradation of protein over the timecourse of 3 months, 
25 while the aerosol performance of the powder remained essentially unchanged. 
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Examnle 9 

Electron Spectr oscopy of Ch emical Analysis <ESCA> of Powder Formulations 

ESCA analysis was carried out on certain powder formulations to investigate 
5 the surface enrichment of di-leucyl di- or tripeptide in the particles. The relative 
concentrations of powder components in the bulk powder is provided in the column, 
"Formulation"; the concentration of each component on the surface of the particles, 
as determined by ESCA, is provided in the column, "ESCA result". 



10 Table 17. SCal/RafTinose/Leu formulations pH7 



Lot No. 




Formulation (%w/w) 


ESCA result (%w/w) \ 


R99282 


sCal 


5 


53 


pH7 


Leucine 


0 






Raffinose 


95 


47 










R99283 


sCal 


5 


11 


pH7 


Leucine 


5 


52 




Raffinose 


90 


38 








R99284 
pH7 


sCal 


5 


39 | 


Leucine 


20 


28 


Raffinose 


75 


33 










R99286 
pH7 


Seal 


5 


26 


Leucine 


80 


64 


Raffinose 


15 


9 



Table 18. Leucyl-Peptide/Raffinose formulations 

15 



Lot No. 




Formulation (%w/w) 


ESCA result (%w/w) 


R99337 I 


Leucine-2 


5 


28.7 


pH7 


Raffinose 


95 


71.3 










R99338 


Leucine-2 


20 


44.1 


pH7 


Raffinose 


80 


55.9 










R99339 


Leucine-2 


60 


94.9 


pH7 


Raffinose 


40 


5.1 










R99340 
pH7 


Leucine-3 


20 


97.1 


Raffinose 


80 


2.9 








R99342 
pH7 


Alanine-3 


20 


41.3 


Raffinose 


80 


58.7 
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Table 19. SCal/Raffinose/Leu-3 formulations pH4 



Lot No. 




Formulation (%w/w) 


ESCA result (%w/w) 


! R99435 


Seal 


5 


36.6 


pH4 


Leucine-3 


0 


0 




Raffinose 


95 


63.4 ; 












Seal 


5 j 


17.9 


pH4 


Leucine-3 


5 


7.0 




Raffinose 


90 


75.1 ! 








R99437 


Seal 


5 


46.4 


pH4 


Leucine-3 


20 


24.2 




Raffinose 


75 


29.4 








R99438 
pH4 


Seal 


5 


22.7 


Leucine-3 


40 


74.8 


Raffinose 


55 


2.5 








R99439 
pH4 


Seal 


5 


16.4 


Leucine-3 


60 


81.6 


Raffinose 


35 


2.0 



5 The above results indicate that powders containing a surface active material 

are enriched at the surface in concentration of surface active material. Surface 
enrichment of di- or trileucine is observed for both the non-active agent containing 
powders in Table 18 and for the s. calcitonin powders in Table 19. 

Although the ESCA results for the calcitonin powders are subject to some 

10 variability (this is due to the difficulty of separating out surface concentration 
contributions by components having the same atom within their structures i.e., 
calcitonin vs. trileucine), the overall trend observed supports the finding of powders 
in which the surface concentration of the di-leucyl di- or tripeptide is greater than 
that in the bulk powder. 
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IT IS CLAIMED: 

1 . A dry powder composition comprising an active agent and a di- or tripeptide 
comprising at least two leucines. 

5 2. The dry powder composition of claim 1 , wherein said composition is suitable for 
delivery to the lung or deep lung by inhalation. 

3. The composition of claim 1 comprising dry powder particles, wherein the 
concentration of said di- or tri-peptide on the surface of the particles is greater 
than in the bulk powder. 

10 4. The composition of claim 1, wherein said di- or tri-peptide is present in an 
amount effective to increase the emitted dose of the composition over the 
emitted dose of the composition absent said di- or tripeptide. 

5. The composition of claim 1, comprising from about 1% by weight to about 99% 
by weight di- or tripeptide. 

15 6. The composition of claim 5, comprising from about 5% to about 75% by weight 
di- or tripeptide. 

7. The composition of claim 6, comprising from about 5% to about 50% by weight 
di- or tripeptide. 

8. The composition of claim 1, further comprising a pharmaceutically acceptable 
20 excipient or carrier. 

9. The composition of claim 8, wherein said excipient is selected from the group 
consisting of carbohydrates, amino acids, peptides, proteins, organic acid salts, 
and polymers. 
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10. The composition of claim 1, characterized by an emitted dose of at least about 
30%. 

1 1 . The composition of claim 1 , characterized by an emitted dose of at least about 
45%. 

5 12. The composition of claim 1, comprising a dipeptide where said dipeptide is 
dileucine. 

13. The composition of claim 1, comprising a tripeptide comprising two leucines 
and an amino acid selected from the group consisting of leucine (leu), valine 
(val), isoleucine (isoleu), tryptophan (try) alanine (ala), methionine (met), 

10 phenylalanine (phe), tyrosine (tyr), histidine (his), and proline (pro). 

14. The composition of claim 13, wherein said tri-peptide is trileucine. 

15. The composition of claim 1, comprising particles having an MMD of less than 
about 10 microns. 

16. The composition of claim 1, comprising particles having an MMD of less than 
15 about 4.0 microns. 

17. The composition of claim 1, comprising particles having an MMAD of less than 
about 10 microns. 

18. The composition of claim 1, comprising particles having an MMAD of less than 
about 4 microns. 

20 19. The composition of claim 1 , wherein the di- or tri-peptide possesses a glass 
transition temperature greater than about 40 °C. 
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20. The dry powder composition of claim 1 having stable dispersivity over time, as 
characterized by a drop in emitted dose of no more than about 10% when said 
composition is stored under ambient conditions for a period of three months. 

21 . The dry powder composition of claim 1 having chemical stability over time, as 

5 characterized by degradation of less than about 5% by weight of the active agent 
upon storage of said composition under ambient conditions for a period of three 
months. 

22. The dry powder composition of claim 1, wherein said active agent is selected 
from the group consisting of insulin, cyclosporin, parathyroid hormone, follicle 

10 stimulating hormone, VLA-4 inhibitors, interleukin-4R, thrombopoietin, c- 
peptide, amylin, pro-insulin, interleukin-1, interleukin-2, alpha- 1 -antitrypsin, 
budesonide, human growth hormone, growth hormone releasing hormone, 
interferon alpha, interferon beta, growth colony stimulating factor, keratinocyte 
growth factor, glial growth factor, tumor necrosis factor, leutinizing hormone 

15 releasing hormone, calcitonin, low molecular weight heparin, somatostatin, 
respiratory syncytial virus antibody, erythropoietin, Factor VIII, Factor IX, 
ceredase, cerezyme and analogues, agonists and antagonists thereof. 

23. The dry powder composition of claim 1, comprising particles having a bulk 
density from 0.1 to 10 grams per cubic centimeter. 

20 24. The dry powder composition of claim 23, comprising particles having a bulk 
density from 0.5 to 2.0 grams per cubic centimeter. 

25. A method for enhancing the aerosol performance of a dry powder, said method 
comprising: 

incorporating into a liquid formulation comprising an active agent, a di- or 
25 tri-peptide comprising at least two leucines, and 

drying said liquid formulation such that a dry powder containing the active 
agent and the di- or tri-peptide is produced, 
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whereby the resultant dry powder possesses an emitted dose that is increased 
over the emitted dose of a dry powder having the same components but absent 
said di- or tri-peptide. 

26. The method of claim 25, wherein said incorporating step comprises 
5 incorporating a dipeptide where the dipeptide is dileucine. 

27. The method of claim 25, wherein said incorporating step comprises 
incorporating a tri-peptide comprising two leucines and an amino acid selected 
from the group consisting of leucine (leu), valine (val), isoleucine (isoleu), 
tryptophan (try) alanine (ala), methionine (met), phenylalanine (phe), tyrosine 

10 (tyr), histidine (his), and proline (pro). 

28. The method of claim 25, wherein said liquid formulation is an aqueous 
formulation. 

29. The method of claim 25, wherein a pharmaceutically acceptable excipient or 
carrier is also incorporated into said liquid formulation. 

15 30. The method of claim 25, wherein said drying step is selected from the group 
consisting of spray-drying, freeze-drying, and spray-freeze drying. 

3 1 . The method of claim 25, wherein the emitted dose of the dry powder is 
increased by at least about 5% over that of a dry powder having the same 
components and absent said di- or tri-peptide. 

20 3 2. The method of claim 3 1 , wherein the emitted dose of the dry powder is increased 
by at least about 10% over that of a dry powder having the same components 
and absent said di- or tripeptide. 

33. The method of claim 25, wherein said dry powder is characterized by an emitted 
dose of at least about 30%. 
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34. The method of claim 25, wherein said active agent is selected from the group 
consisting of insulin, cyclosporin, parathyroid hormone, follicle stimulating 
hormone, VLA-4 inhibitors, interleukin-4R, thrombopoietin, c-peptide, amylin, 
pro-insulin, interleukin-1, interleukin-2, alpha- 1 -antitrypsin, budesonide, human 
growth hormone, growth hormone releasing hormone, interferon alpha, 
interferon beta, growth colony stimulating factor, keratinocyte growth factor, 
glial growth factor, tumor necrosis factor, leutinizing hormone releasing 
hormone, calcitonin, low molecular weight heparin, somatostatin, respiratory 
syncytial virus antibody, erythropoietin, Factor VIII, Factor IX, ceredase, 
cerezyme and analogues, agonists and antagonists thereof. 

35. A method for increasing the aerosol performance of an active agent-containing 
formulation suitable for administration to the lung, said method comprising: 

incorporating a di- or tripeptide comprising at least two leucines into a 
formulation comprising an active agent, to thereby form a composition 
comprising said active agent and said di- or tripeptide, 

whereby as a result of said incorporating, the emitted dose of the 
composition is increased over the emitted dose of a composition having the same 
components but absent said di- or tripeptide. 

36. The method of claim 35, wherein said composition is a liquid composition 
suitable for aerosolized administration to the lung. 

37. The method of claim 35, wherein said composition is a dry composition suitable 
for aerosolized administration to the lung. 

38. The method of claim 35, wherein said tripeptide comprising two leucines and an 
amino acid selected from the group consisting of leucine (leu), valine (val), 
isoleucine (isoleu), tryptophan (try) alanine (ala), methionine (met), 
phenylalanine (phe), tyrosine (tyr), histidine (his), and proline (pro). 
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39. A method for delivery of a dry powder composition to the lungs of a 
mammalian patient, said method comprising administering by inhalation the dry 
powder composition of claim 1 in aerosolized form. 

40. A method for delivery of an active-agent containing formulation to the lungs of 
5 a mammalian patient, said method comprising administering by inhalation a liquid 

composition produced by the method of claim 36. 
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(57) ABSTRACT 

A novel method of protecting blood coagulation factor IX 
from proteases during purification or storage is disclosed. 
High concentrations of one or more water soluble organic or 
inorganic salts are used to stabilize factor IX, contained 
within blood plasma-derived solutions, or contained within 
solutions derived from other sources, against conversion to 
clinically unacceptable peptide structures such as factor IX„, 
and/or degraded factor IX peptides. The technique is useful 
in stabilizing intermediate purity factor IX preparations 
during purification, and in maintaining the integrity of 
purified factor IX during long term storage. Stable high 
specific activity factor IX preparations are also disclosed. 

9 Claims, 4 Drawing Sheets 
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PREPARATION OF FACTOR IX 

RELATED APPLICATIONS 

This application is a division of U.S. application Ser. No. 
08/465,867, filed Jun. 6, 1995 now U.S. Pat. No. 6,043,215, 
which is a division of U.S. application Ser. No. 08/101,175, 
filed Aug. 3, 1993 now U.S. Pat. No. 6,063,909 which is a 
continuation-in-part of U.S. application Ser. No. 07/662, 
927, filed Mar. 1, 1991, now abandoned, all of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to purifying and stabilizing factor 
IX, one of the proteins essential to the cascade of reactions 
which accomplishes blood coagulation at the site of a 
wound. 

Factor IX is a globular protein which has a molecular 
weight of about 70,000 daltons and which, in a normal 
individual, is constantly produced in the liver and circulates 
at a normal blood plasma concentration of approximately 5 
figjml. 

Hemophilia B (also known as Christmas disease) is a very 
serious illness which results in decreased in vivo and in vitro 
clotting activity and requires extensive medical monitoring 
throughout the life of the affected person. Such persons 
show normal clotting times only when provided with exog- 
enous factor IX which is extracted from the blood plasma of 
normal individuals. Except for such treatment, the afflicted 
person can suffer from spontaneous bleeds in joints which 
produce severe pain and debilitating immobility, bleeds into 
muscles resulting in large volumes of blood accumulating in 
the tissue, spontaneous bleeds in the throat and neck which 
may cause asphyxiation if not immediately treated, bleeding 
into the urine, and severe bleeding following surgery or 
minor accidental injuries or dental extractions. 

Functional factor IX deficiencies can arise in different 
ways. The gene coding for factor IX is located on the X 
chromosome. This explains why hemophilia B is much more 
common in males than females. Some of the afflicted 
persons are known to have inherited an X chromosome with 
a complete deletion of the factor IX gene. These severely 
affected persons may even produce antibodies to therapeu- 
tically injected factor IX. Many hemophilia B patients are 
known to produce a factor IX molecule with an altered 
amino acid sequence which results in molecules of partial or 
no coagulation activity. Some hemophilia B patients pro- 
duce normal factor IX, but in insufficient quantities to effect 
clotting within a normal time after injury. 

As mentioned above, Factor IX activity can be restored in 
the patient by injection of normal human plasma. However, 
at minimum, several liters would have to be administered to 
raise the patients's circulating factor IX levels to an effective 
range. Accordingly, the emphasis in therapy for hemophilia 
B patients has been to provide injections of a plasma 
concentrate highly enriched in factor IX. The provision of 
such a concentrate is no easy task, as will become apparent 
from the discussion which follows. 

The mechanisms whereby circulating blood is generally 
prevented from clotting, yet directed to clot at the site of a 
wound are very complex and involve numerous proteins, 
other macromolecules, cells and structures. This hemostatic 
mechanism also utilizes numerous feedback or amplification 
pathways to further regulate coagulation. Owing to the large 
number of individual protein species which make up the 
clotting pathway and the large number of other macromol- 
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ecules in blood plasma, it is generally difficult to isolate 
useable quantities of any one component, including factor 

IX, in highly pure form. In addition, blood contains numer- 
ous proteases (enzymes which digest or damage other 

5 proteins) which can affect adversely the protein selected for 
isolation, such as factor IX, before it can be separated from 
other blood components. 

Since the clotting ability of the blood is held in a con- 
trolled balance, factor IX and other components associated 

io with coagulation must be held inactive most of the time to 
avoid unnecessary clotting. Yet, the proteins must always be 
present throughout the circulatory system — ready to react 
immediately when needed. 
The blood therefore contains by necessity a very compli- 

15 cated mechanism to prevent clotting from taking place 
where it is not needed, to clear unwanted clotting, and to 
rapidly stop the loss of blood at an injured site. The 
elucidation of this complicated mechanism of regulation 
makes clear why it is so difficult to isolate therapeutic factor 

20 IX free of clinically dangerous contaminants. 

The formation of an effective clot involves the complex 
interaction of many vascular system components, including 
platelet blood cells, collagen and microfibrils exposed by 
damage to the vascular epithelium, phospholipids, and cir- 

25 culating proteins. Proteins which circulate in the blood as 
inert proenzymes and which are involved in coagulation are 
typically referred to as "coagulation factors". Upon 
activation, they generally function as highly specific 
enzymes which make specific alterations in other coagula- 
tion factor proenzymes. Thus, in turn, each sequential factor 
is activated. Some proenzymes, such as factor XII, may also 
be activated by contact with a damaged surface or by 
complexing with other macromolecules. 

3S The mechanism of the clotting process is known in 
considerable detail. The active form of a coagulation factor 
is denoted by the subscript "a" and is typically produced 
from the inactive proenzyme by the action of another of the 
factor-specific proteases. In theory, administration of acti- 

40 vated coagulation factors to hemophilia patients carries a 
risk of clot formation at many locations besides the site of 
injury. 

The hemostatic mechanism may be characterized as a 
very delicate balance between those materials or processes 

45 which inhibit coagulation and those which enhance it. Over- 
supply of one or more substances, particularly activated 
coagulation factors, may lead to unwanted coagulation. 
Activated coagulation factors can therefore be dangerous 
contaminants in therapeutic preparations of coagulation 

so proenzymes, such as factor IX preparations. 

With respect to hemophilia B patients, the state of the art, 
however, involves their being typically treated with "pro- 
thrombin complex concentrate", which is a plasma extract 
concentrated in factor IX, but containing also significant 

55 amounts of other plasma proteins, including factors II, VII, 

X, active forms thereof, and numerous other contaminating 
proteases. Such preparations can also routinely be contami- 
nated with factor IX„. 

There are numerous reports in the literature on the adverse 
60 clinical consequences of administering prothrombin com- 
plex concentrate (or other factor IX concentrates) contami- 
nated with factor IX„ and/or with active or degraded forms 
of other clotting factors. The most serious risk is the 
inadvertent activation of the clotting cascade. Deaths have 
65 been documented. 

Solutions to the problems associated with the use of 
impure factor IX concentrates have been hampered by lack 
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of understanding of exactly how and why such concentrates min K cofactor-dependent process attaches the gamma car- 
induce unwanted clotting. It has been proposed that factor boxy groups, such groups being necessary for proper bind- 
IX concentrates may induce coagulation not only because ing of the coagulation factors to Ca +2 , lipid surfaces and 
amounts of factors IX a are present, but also because they are platelets. 

significantly contaminated with other clotting factors, thus 5 Typically, the bound factor IX is washed, and then eluted 

overloading the blood with high circulating levels of one or fr om tne anion exchange resin using a buffered salt solution 

more clotting factors, or activated forms thereof. Q f high molarity. Inasmuch as such high molarity salt 

Based on determinations using sodium dodecylsulfate- solution is considered osmotically incompatible with human 

polyacrylamide gel electrophoresis (SDS-PAGE), factor IX„ tissues, practitioners of the prior art invariably subject their 

has an approximate molecular weight of 54,000. However, 10 factor IX extracts to dialysis and filtration (or alternately 

other peptide species which result from proteolytic degra- ultrafiltration and diafiltralion) which place the factor IX 

dation of factor IX have very similar molecular weights for extract in concentrated form, but replace the high molarity 

example, from approximately 40,000 to approximately salt solution with a physiologically-compatible low molarity 

65,000. It is not currently known whether factor IX activa- salt solution. 

tion products or degradation products are primarily respon- 15 The factor IX-enriched resin eluate (contaminated with 

sible for adverse clinical consequences which have been significant amounts of other proteins, including clotting 

observed on administration of prothrombin complex con- factors II, VII and X) is known as a prothrombin complex 

centrate or other impure factor IX-containing concentrates. concentrate. Factor II (prothrombin) and the other vitamin 

Consequently, the development of factor IX therapeutics K-dependent coagulation factors are known as "prothrombin 

which avoid the hazards of impure preparations is of great 20 complex" because of the above-mentioned similar binding 

pharmaceutical interest. properties. Hemophilia B patients have been typically 

The prior art discloses various strategies for the purifica- treated with such concentrates, 

tion of factor IX, including the use of monoclonal antibody i n the practice of the prior art, the above-mentioned anion 

affinity technology to separate factor IX from other coagu- exchange chromatography may also be preceded or replaced 

lation factors. However, it is important that such factor IX 25 by other steps. For example, cryoprecipitate-free plasma, to 

purifications include every effort to minimize the formation which citrate has been added, can be treated with barium 

of factor IX„ or degraded factor IX peptides. Since factor IX chloride causing precipitation of barium citrate on which 

(the proenzyme) and activated factor IX (IX a ) are similar in factor IX and certain other coagulation factors are bound, 

structure, it is difficult to separate the two forms of factor IX The proteins are isolated from the precipitate and then 

by any purification strategy. Even antibody affinity technol- subjected to anion exchange chromatography. See, for 

ogy is unlikely to achieve a separation since both molecules example, Miletich, J. P. et al., /. Biol. Chem., 253(19), 

have most of their potential determinants in common, and 6908-6916 (1978). Factor IX may also be adsorbed to a gel 

the factor IX„ contaminant (and potentially factor IX deg- 0 f Al(OH) 3 . 

radation peptides) would tend to be carried forward into the ^ Alternatively, a second ion exchange resin step can be 

final product. It is believed that there is no presently known added. As disclosed in U.S. Pat. No. 4.447.416 (hereinafter 

antibody of adequate differential sensitivity. tne >4i 0 patent), after anion exchange chromatography, the 

The present invention is related to improved means for factor IX fraction is subjected to ultrafiltration and diafil- 

preventing proteolytic conversion of factor IX to factor IX„ tration against 0.15 Molar NaCl buffered with 20 mM 

or to degraded factor IX peptides as factor IX is purified, and 40 citrate, pH6, and then subjected to a second phase of ion 

for arresting proteolytic action on purified factor IX during exchange chromatography using a sulfated dextran resin, 

storage thereof. Factor IX is eluted from this second resin when the sail 

concentration reaches 0.8 Molar. The factor IX, contained 

REPORTED DEVELOPMENTS within a solution of high salt molarity, is then again sub- 

The purification of factor IX requires that it be separated 45 jected to ultrafiltration and diafiltration against physiologi- 

from numerous other blood plasma proteins and other cally acceptable 0.11 Molar NaCl, 2(LmM citrate, pH 6.8, 

plasma macromolecules. Typically factor IX is produced and then stored in lyophilized formiJne method reported, | 

from cryoprecipitate-free plasma. This plasma fraction is [ however, leads to a factor IX product in which less than 10% \ 

produced by rapidly freezing whole plasma, allowing it to |of the protein is factor IX, more than 90% of the material I 

thaw slowly and collecting the separated supernatant. See so • consisting of contaminating protein specieONo assays of 

Pool, J. G., et al. Nature, 203, 312 (1964). Many proteins, factor IX„ are reported in the '416 patent andno experiments 

including factor VIII, precipitate out of the slowly thawing are disclosed which would determine whether contaminat- 

plasma and can be removed by centrifugation. ing proteases will continue to generate factor IX a , or 

In the practice of the prior art, the factor IX-containing degraded forms of factor IX, if the product were to be stored 

cryoprecipitate-free supernatant plasma is typically mixed 55 ln other than ly°pniU»d form. 

with an anion exchange resin or gel such as DEAE Menache, D. et al., in Blood, 64(6), 1220-1227 (1984), 

Sephadex®, DEAE cellulose, or DEAE Sepharose®, (in using technology reflecting the '416 patent disclose a factor 

batch or column form) or alternately Al(OH) 3 gel, leading to IX preparation, stated to be free of activated factor IX a and 

adsorption of the factor IX along with other clotting factors having a specific activity of approximately 5 units factor IX 

with similar binding properties, and also adsorption of lesser 60 activity per mg total protein. Since the specific activity of 

amounts of other contaminating proteins. Initial fraction- pure factor IX is approximately 200 units/mg protein, the 
ation with anion exchange resin particles takes advantage of final product is considered to be heavily contaminated with 

the fact that certain clotting factors (such as factors II, VII, other proteins, and because of the potential for protease 
IX and X) are selectively adsorbed onto such resins owing activity, its long term non-thrombogenic status is doubtful, 

to their negatively charged gamma carboxyglutamate resi- 65 Michalski et. al., Vox Sang, 55, 202-210 (1988) discloses 

dues. These proteins are also referred to as "vitamin a factor IX purifying strategy in which standard anion 

K-dependent clotting factors" since a posttranslational vita- exchange chromatography of the prior art is followed by 
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molecule, and maintaining the salt(s) in the solution at said 
concentration during storage or further treatment. 

In one respect, the present invention involves protecting 
factor IX from activation to factor IX a or degradation to 
peptides of altered length and/or conformation during multi- 
step purification by minimizing the amount of lime impure 
factor IX is present in solutions containing an insufficient 
concentration of salt. The improved processes of the inven- 
tion are found to be particularly useful in preventing cata- 
lytic action by proteases upon factor IX. Accordingly, there 
is provided in a method of purifying factor IX in solution 
involving two or more sequential separation processes, the 
improvement which comprises adding, during or after a 
particular separation process, one or more soluble organic or 
inorganic salts to the solution containing factor IX to a 
concentration of salt sufficient to prevent or substantially 
minimize catalytic action by proteases upon factor IX, but at 
a total concentration of said salt or salts insufficient to cause 
precipitation of, irreversible alterations in, or denaturation of 
the factor IX molecule, and maintaining the partially puri- 
fied protein in contact with said salt solution at said sufficient 
salt concentration for a period at least until the next sepa- 
ration process is commenced. 

As will be described in detail below, a wide variety of 
water soluble organic and inorganic salts can be used in the 
practice of the invention. Preferred salts are water soluble 
alkali metal or alkaline earth metal salts, most preferably 
magnesium, potassium, sodium and lithium chloride or 
sodium sulfate. It is expected that the most widely used 
concentration of salt will fall within the range of about 0.4 
to about 1.4 Molar. 

Another aspect of the invention comprises an aqueous 
solution of partially purified factor IX having a predeter- 
mined specific activity and one or more water soluble 
organic or inorganic salts in a concentration sufficient to 
prevent or substantially minimize catalytic action by pro- 
teases upon factor IX, but insufficient to cause irreversible 
alterations in, precipitation of, or denaturation of the factor 
IX molecule, the solution when stored for at least about 12 
hours at or below a temperature of 4° C, having also a factor 
IX activity of about 80 to about 100% of the predetermined 
activity. 

A further aspect of the invention relates to the provision 
of a factor IX composition which is in therapeutic form and 
is stable in that it is capable of being stored as an aqueous 
solution without deteriorating for prolonged periods of time, 
for example, at least about 2 weeks at room temperature. 
Accordingly, the invention encompasses also a therapeutic 
composition comprising an aqueous solution of factor IX 
having a specific activity of greater than about 50 units 
factor IX activity/mg protein, and wherein the composition 
is capable of being stored for a period of time of about 2 
weeks at a storage temperature up to 15-30° C, while 
remaining free of factor IX„, degraded forms of factor IX 
and/or active forms of other clotting factors in concentra- 
tions which would tend to cause detectable adverse clinical 
effects in a human when said composition is administered in 
a therapeutic dose. 

A further aspect of the invention provides a method of 
treating Christmas disease in a patient comprising adminis- 
tering to such patient an effective amount of one or more of 
the therapeutic compositions of this invention. As will be 
seen from the discussion below, a variety of inorganic and 
organic salts which are non-toxic to humans can be used in 
formulating such compositions in accordance with the 
present invention. 
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Important advantages afforded by the invention include: 
1) improving the purity, safety and stability of factor IX 
therapeutics; and 2) introducing flexibility and economy into 
commercial factor IX production schedules. Still another 

s advantage afforded by the invention is that stable highly 
purified factor IX can be produced without use of therapeu- 
tically undesirable and highly toxic organic protease inhibi- 
tors. In addition, the nature of the invention is such that it is 
widely applicable to many types of processes which have 

to been developed for producing factor IX preparations, 
including those of low, intermediate or high purity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an SDS-polyacrylamide slab gel showing DEAE 
15 concentrates and final factor IX products produced there- 
from by a typical prior art process or by a process of the 
present invention. 

FIG. 2 is a Western blot showing DEAE concentrates and 
M final factor IX products produced therefrom by a typical 
prior art process or by a process of the present invention. 

FIG. 3 is a Western blot showing the levels of proteolysis 
of factor IX which occur at 25° C. in samples of factor 
IX-containing DEAE concentrate dialyzed against different 
25 molarities of sodium chloride. 

FIG. 4 is a Western blot showing levels of proteolysis of 
factor IX which occur at 4° C. in samples of factor 
IX-containing DEAE concentrate dialyzed against 0.5 Molar 
concentrations of different salts. 

30 

DETAILED DESCRIPTION OF THE 
INVENTION 

^The present invention is based upon the recognition that / 
l water-soluble organic and inorganic salts can be used to I 

35 protect factor IX from proteolysis, includingactivation to' 
factor IX a , during purification of factor IXJOne of the 
important advantages of the present invention is that it can 
be used effectively in any number of different processes 
which are available for purifying factor IX. There follows a 

40 description of a basic type of process for producing purified 
concentrated factor IX. 

The production of factor IX for therapeutic use in the 
treatment of hemophilia B (Christmas disease) traditionally 

+5 begins with blood plasma which is subjected to freezing. 
This frozen plasma is then slowly thawed at which point 
clotting factor VIII and certain other proteins can be recov- 
ered as a cryoprecipitate. Factor IX and other proteins move 
into the soluble supernatant phase. 

50 This factor IX-containing plasma fraction is then typically 
subjected to adsorption on an anion exchange resin. After 
washing the resin part.cles extensively with a dilute salt 
solution to remove unbound or weakly binding proteins, a 
high molarity salt solution is usually used to elute factor IX 

ss which is collected in a fraction known as the "prothrombin 
complex concentrate" because it also contains significant 
amounts of the other vitamin K-dependent or "prothrombin 
complex" clotting factors (factors II, VII and X, and also 
activated forms thereof). 

60 Typically, this factor IX-enriched fraction is then sub- 
jected to a lengthy filter concentration and dialysis proce- 
dure which can take up to 24 hours for the purpose of 
replacing the high salt medium with a low salt molarity, 
physiologically compatible buffer. In earlier times, this form 

65 of the product was used for therapeutic purposes. 

Typically, this low-salt form of prothrombin complex 
concentrate contained proteases which prematurely activate 
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factor IX to clinically dangerous factor IX,,. Under these factor IX from a chromatography column using a high salt 

circumstances, factor IX is also degraded to other peptides buffer and then removing the salt by procedures such as 

which may also be clinically dangerous. Such proteolysis of dialysis or by freezing and lyophilizing the eluate, thereby 

factor IX is particularly severe when the factor IX is stored removing the salt by volatilization, or (2) heating a factor 

for prolonged periods in salt solutions of low molarity, s IX-containing solution to inactivate microorganisms or 

Deaths have been reported from the administration of this viruses. In the course of the development of this invention, 

type of product. Plat, P. M. et al., Annals of Internal it has been recognized that reducing the concentration of 

Medicine, 81, 766-770 (1974). organic or inorganic salt in a factor IX-containing solution 

In an attempt to improve on the clinically inadequate during or following completion of a separation or manipu- 

purity of prothrombin complex concentrate, researchers 10 lation procedure provides a major opportunity for activation 

have modified the basic process described above, for of factor IX to factor IX 0 or for degradation of factor IX to 

example, by adding various additional steps or separation other factor IX-derived peptides. It is believed that there are 

procedures, or by adopting alternate strategies to prevent two general reasons that the significance of proteolysis of 

proteolysis of factor IX and to remove additional contami- factor IX and resultant production of factor IX a in low salt 

nants. More recent protocols are typically a variation on the 15 environments has gone unrecognized in the art. 

following: 1) cryoprecipitation; 2) anion exchange which First, high molarity salt solutions interfere with certain 

takes advantage of the common specific adsorbability of types of separation processes. For example, high concentra- 

vitamin K-dependent clotting factors; and 3) an additional tions of salts would prevent binding by factor IX to certain 

separation procedure which separates factor IX from the ion exchange resins or immunoaffinity columns. No sepa- 

other prothrombin complex proteins. 20 ration could be effected. 

Examples of such additional separation procedures Second, factor IX-containing high molarity salt solutions 

include the use of chromatography on an agarose gel to cannot be injected into patients because they are osmotically 

which heparin groups have been attached, cation exchange incompatible with living tissue. As a result, the prior art 

on a sulfated dextran gel, or immunoaffinity chromatogra- regards "excess" salt as something which should be removed 

phy in which the stationary phase of the separation 25 from a factor IX preparation at the earliest convenience, 

(purification) system consists of factor IX-specific antibod- The use of salts at relatively high concentrations in 

ies ' accordance with the present invention enables factor IX to 

Another strategy involves use of ammonium sulfate frac- be protected not only during manipulations between or after 

tionation and/or elution of factor IX from an adsorption 3Q separation processes, but during the separation processes 

complex formed from precipitated barium salts followed by themselves. The use of the "high" salt concentration in 

anion exchange chromatography. Selective adsorption to a accordance with the present invention can be employed, as 

gel of aluminum hydroxide has also been utilized. Still appropriate, in the various steps utilized in the purifying 

another strategy involves the use of an additional anion process up to and including that stage of the purification at 

exchange resin which effects separation of prothrombin 35 which there have been removed from the Factor 

complex proteins which were not separated when previously IX-containing solution those impurities which tend to acti- 

contacted with different type anion exchange resin. vate Factor IX to Factor IX„ and/or to degrade Factor IX to 

Still another approach is to apply whole plasma or peptides of altered length and/or conformation, If desired, 

cryoprecipitate-free plasma directly to a factor IX-specific the high salt concentration can then be reduced. In the 

immunoaffinity chromatography resin present in batch or 40 preferred embodiment of the present invention, the high salt 

column form. concentration (for example, about 1 Molar or more) can be 

Available methods for purifying factor IX, such as those reduced somewhat (for example, to about 0.4 to about 0.6 

described above, involve separation processes and manipu- Molar ) J ust P nor to tne purifying step which involves 

lations. The term "separation process," as used herein, refers immunoaffinity chromatography using monoclonal antibod- 

to a step which involves separating factor IX from one or « ies which effect separation of Factor IX from other coagu- 

more other peptides (proteins) in admixture therewith. The latlon factors and other proteins. Thereafter, the Factor IX 

term "manipulation," as used herein, refers to a step which can be eluted from the monoclonal antibodies and recovered 

does not effect separation of factor IX from other peptides ^ dilute form > for example, in a dilute solution having a 

(proteins), but which is practiced before or after a separation Molarity below about 0.4. 

process. Examples of manipulations are dialysis, sterile 50 The following publications disclose examples of factor IX 

filtration, heat sterilization to inactivate contaminating purifications which can be modified in accordance with the 

microorganisms or virus particles in factor IX solutions, and present invention for the purpose of producing a therapeutic 

also diafiltration wherein factor IX is selectively retained material of higher purity, ard improved safety and stability, 

against a selectively permeable membrane while the solvent In one exemplary embodiment of such modifications, there 

in which the factor IX is suspended is filtered through and 55 is included and maintained in the impure factor IX solution 

replaced. a soluble salt (for example, potassium chloride) in a rela- 

When a separation process or a manipulation of the prior tivel y hi g h concentration, for example, at least about 0.5 

art requires use of a salt, it is routinely performed using a Molar. 

low molarity salt solution (generally 0.15 M), except when (A) U.S. Pat. No. 4,447,416 discloses a process for 

the nature of the process or the manipulation requires that it 60 purifying factor IX utilizing an anion exchange resin in 

be performed with the use of a high salt concentration. In the a low molarity salt solution with the steps of clarifica- 

Iatter case, it is conventional to lower the salt concentration tion and concentration by filtering at low salt concen- 

promptly after the step involving its use is completed and tration following. After further purification on a sul- 

without eaffecting storage of factor IX therein. Examples of fated dextran cation exchange resin, the solution is 

manipulations wherein a high salt concentration not 65 dialyzed against a low molarity salt solution, 

intended to protect factor IX from proteolysis is removed (B) Michalski el al. Vox. Sang., 55, 202-210 (1988) 

promptly after the step involving its use include (1) eluting disclose a factor IX product purified by traditional 
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anion exchange chromatography and the subsequent It should be understood that a particular separation pro- 
use of a heparin-linked resin. Numerous low ionic cess or manipulation used in factor IX purification may be 
strength procedures are involved such as elution from adversely affected by use of a relatively high salt 
the anion exchange resin with NaCl buffer, dilution concentration, as taught herein. If such is the case, the use 
prior to binding to the heparin-coated resin, and elution 5 of the relatively high salt concentration should, of course, be 
therefrom. avoided for that particular separation process or 

(C) Miletich J. P. et al. in Methods in Enzymolocry, 80, manipulation, with the understanding that such high salt 

221-228 (1981) disclose a factor IX product derived concentration can be used effectively in other purifying or 

from successive steps of barium citrate adsorption, accompanying steps which are not affected adversely, and in 

ammonium sulfate fractionation, ion exchange and ]0 storage of the partially purified factor IX solution. Thus, one 

dextran sulfate chromatography (and elutions aspect of the present invention can be described as the 

therefrom) which place intermediate purity factor IX recognition that protease-induced damage to factor IX which 

fractions for extensive periods of time in solutions may occur within solutions containing low concentrations of 

having low concentrations of salts. No factor IX salts ma y be substantially decreased by redesigning the 

assays or evaluations of thrombogenicity are reported" V^jiy^S procedure to maximize the amount of time crude 

/rvv t> • • o n . 1 r>_ n- i , an " intermediate punty lactor IX fractions are maintained in 

Preparative Bwchermstry 11(4) a reladvel nigh %all environment utilizing one or more 

397-^12 (1981) report a factor IX preparation derived soluWe salts of the ent invemion . 

from a technique involving four sequenUal separation A wide variety of different types of ^ can be used in [he 

procedures involving the use of barium citrate adsorp- practice of the present invention. One potential mechanism 

tion and elution, ammonium sulfate fractionation, 20 0 f acl i orl j s tha( effective salts function by modifying the 

DEAE-Sephadex® chromatography, and heparin- energetics of catalysis of relevant proteases. The effective 

agarose chromatography. Crude and intermediate salt may function by destabilizing proteases, by stabilizing 

purity factor IX are maintained in low molarity salt the structure of factor IX, by reversibly altering the structure 

solutions for considerable periods during and between of factor IX so that it does not present to any particular 

each separation procedure. No enzymatic assays for 2 s protease those structural features which are normally 

factor IX„ or evaluations of thrombogenicity are attacked, by increasing the activation energy necessary to 

reported. position and/or cleave factor IX at a protease active site, or 

(E) U.S. Pat. No. 4,786,726 discloses multi-step purifi- b y aDV combination of the above. Since the specific nature 

cation of factor IX involving the use of barium salt °f aU ° f the b i ood P lasma or other proteases which can 

precipitation, anion exchange chromatography, ammo- 30 cleaV £ faCt0 f. IX 15 ^^u' " u d ^ CUh * ,' dentlfy , 

,j- , • ., ,■ j . . if. u specific mechanisms by which each or the useful proteolysis 

mum sulfate precipitation, and dextran sulfate chroma- . *\_.,.. t .. L . _ , . , . r c . ' , v 

, • . f »u ■£ •• c uihibitors functions. It is postulated that the factor IX 

tography pnorto&rtherpunficauononanmmunoaf- moleaUe ^ [o $j ^ ^eisMe 

finity column The factor IX is manipulated wuh alterations ln its terti structure caused b soluble inor . 

several extended periods of dialysis against factor gan j c or organ i c sa ]ts 

IX-nonprotecting low molarity salt solutions. 35 i t ^ noted taat taere are many oth er causes for the 

(F) Goodall, A. H. et al. 5/ood, 59(3), 664-670(1982), in denaturation of proteins (with resultant loss of catalytic 
a procedure representative of immunoaffinity methods, activity or decay of three dimensional structure) during 
disclose the use of monoclonal antibodies to purify separation or manipulation procedures or during storage in 
factor IX present in a prothrombin complex concentrate solution. Examples of processes known to denature, break or 
starting material, the concentrate having been prepared 40 otherwise adversely affect proteins in solution include 
by standard methods, without regard to protecting the shearing, binding to the surface of a vessel such as a glass 
factor IX from activation or degradation in early stages. wall, foaming of a solution, and oxidation of cysteine 

Although monoclonal antibody columns have high specific- residues by atmospheric oxygen. The salt solutions useful in 

ity for factor IX and are effectively used to remove other the practice of this invention may be effective also in 

contaminating coagulation factors, it is believed that there is 45 arresting these other potential causes of factor IX degrada- 

not presently available an antibody affinity purification tion. 

strategy which can bind factor IX and reject factor IX a , (or There can be used in the practice of this invention any 

vice-versa) (Smith, K. J. et al., Thrombosis Research, 33, water soluble inorganic or water soluble organic salt which 

211-224, (1984)). In Tharakan, J. et al. Vox. Sang., 58, is capable of reducing protease-caused cleavage of coagu- 

21-29 (1990), there is disclosed a high specific activity 50 la tion factor IX at a salt concentration which does not 

immunoaffinity purified factor IX product which is none- irreversibly alter the factor IX structure or cause factor IX to 

theless contaminated by factor IX degradation products precipitate. The salts comprise a positively charged cationic 

derived from traditionally prepared prothrombin complex component and a negatively charged anionic component 

starling material. which in aqueous media are dissociated to ionic form. The 

Expression of human clotting factor IX from recombinant 55 term "organic salt" refers to a salt in which either the 

DNA clones has been previously demonstrated in mamma- cationic or anionic component thereof is a carbon-containing 

lian cells. Anson, D. S. et al., Nature, 315, 683-685 (1985), substance. 

Jallat, S. et al., EMBO Journal, 9 (10), 3295-3301 (1990). Examples of water soluble inorganic and organic salts for 

Purification of such factor IX generally involves collection use as inhibitors of proteases which activate or degrade 

of a cell extract and then subjecting the extract to one or 60 factor IX are: ammonium, alkali metal or alkaline earth 

more of the above mentioned separation procedures. Pro- metal halides; ammonium, alkali metal or alkaline earth 

tection of factor IX during purification from endogenous cell metal thiocyanates; ammonium or alkali metal phosphates or 

proteases may be accomplished by maximizing the amount sulfates; magnesium sulfate or phosphate; acetates of the 

of time factor IX-containing fractions are maintained in alkaline earth or alkali metals; alkylammonium halides, 

contact with relatively high concentrations of one or more of 65 including quaternary ammonium halides; and chlorides of 

the organic or inorganic salts in accordance with the present imidazole, lysine and trihydroxyaminomethylmethane 

invention. ("Tris"). 
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Preferred salts for use in the practice of the present ous processing advantages associated with being able to 

invention are sodium chloride; sodium and potassium thio- store intermediate purity fractions of factor IX during its 

cyanates; magnesium, potassium, and lithium chlorides; and purification. 

sodium sulfate, with the most preferred salts being sodium Even factor IX products of the highest purity may contain 

chloride and sodium sulfate. s traces of numerous proteases which will eventually degrade 

Effective concentrations of salts for use in the practice of or activate factor IX, especially if the product, even at low 

the present invention can vary depending on the particular temperature, is subject to long term storage in liquid form, 

salt used. The lower limit of concentration is governed by In accordance with this invention and as an alternative to 

how much of the salt is needed to inhibit factor IX degra- lyophilization or freezing, salts may be added to purified 

dation and activation. The upper limit is governed by that to factor IX products to make long term storage in liquid form 

amount which can adversely affect factor IX and/or at which possible. For the purpose of providing a therapeutic form of 

proportional benefits are not realized as the amount of salt is the factor IX composition, the concentration of the salt in the 

increased. Once the principle of protecting the factor IX composition should be reduced to a clinically acceptable 

molecule from degradation or proteolysis is recognized as level, for example, to about 0.15 M or lower. This can be 

taught herein, determination of optimal salt concentrations is accomplished by procedures such as dialysis, or by diafil- 

are readily obtained by simple incubation experiments as tration prior to distributing the product to a clinical facility 

taught herein. or a patient. 

It should be appreciated also that there are factors which The purified, therapeutic form of factor IX preparations 

affect the range of concentrations over which a particular salt which result from the practice of the invention are expected 

is effective. Such factors include the length of time or 20 not to trigger unwanted clinical consequences (such as 

temperature for which protective effects are desired, the myocardial infarction, thrombosis, and disseminated intra- 

concentration of macromolecules, including proteases, vascular coagulation) which may otherwise result from 

present in the sample, and the nature of the manipulation, administration of currently available factor IX products. The 

separation process and/or storage conditions under which example section below provides data which validate the 

protection is sought. These factors, coupled with the inher- 25 increased safety of factor IX prepared according to the 

ent ability of the particular salt to alter the energetics of process of the present invention. 

proteolysis, should be taken into account respecting choice There follows a description of a preferred overall factor 

of effective concentrations. IX purification for use in the practice of the present inven- 

It is believed that, for most applications, depending on the tion. 

particular salt used, it will be satisfactory to use a salt 30 The preferred purification utilizes cryoprecipitation of 

concentration of about 0.4 to about 1.4 Molar. blood plasma to remove proteins such as factor VIII, fol- 

It should be understood that a higher salt concentration lowed by anion exchange chromatography which takes 

can be used. Salts such as, for example, magnesium, potas- advantage of the specific adsorbability of vitamin 

sium and lithium chloride and sodium sulfate are effective at K-dependent clotting factors, followed by immunoaffinity 

the lower end of the amount range. These salts are partial- 35 chromatography using monoclonal antibodies, the last men- 

larly useful because factor IX-protecting effects can be tioned separation process having great specificity for factor 

realized at salt concentrations which are less likely to IX compared with other protein species, 

interfere with separation procedures such as those which The preferred anion exchange resin for purifying factor 

involve the loading and binding of factor IX to an affinity IX is a highly hydrophilic bead formed gel of 

column or ion exchange resin. Factor IX can therefore be 40 epichlorohydrin-crosslinked dextran to which diethylamino- 

protected continuously throughout a multistep purification ethyl ether (DEAE) exchange groups are attached such as 

procedure. There are other salts which will need to be used DEAE-Sephadex" A-50 available from Pharmacia, Uppsala, 

at the higher end of the range, for example, a concentration Sweden. The temperature is maintained below 15° C, and 

of at least about 0.7 Molar. A preferred amount range for the preferably below 4° C, during the Sephadex adsorption 

aforementioned preferred and most preferred salts is about 45 equilibration process. Although factor IX is bound to 

0.35 to about 3 Molar, dependent on the particular salt used. DEAE-Sephadex" A-50 more quickly and completely at 20° 

As to relative effectiveness of various types of salts, in C. than at 4° C, it is recommended that the temperature be 

one series of tests 1 Molar concentrations of organic salts as low as possible to minimize protease activity on factor IX. 

such as the hydrochlorides of Tris, lysine and imidazole, and Accordingly, adsorption of factor IX at 4° C. is preferred, 

sodium acetate were found to exhibit factor IX-stabilizing 50 Factor IX n is also minimized as a contaminant in the final 

effects lower than those of a 1 M concentration of NaCl. product by maintaining factor IX fractions (until such time 

Such organic salt solutions are protective, however, when as they have been separated from remaining contaminating 

compared to 0.15 M NaCl. proteases on a monoclonal antibody column) in a low 

An important aspect of this invention is that a high temperature environment (such as 4° C. or below) in the 

salt-containing intermediate purity fraction of factor IX, 55 relatively high molarity salt solutions of the present inven- 

which has been partially purified by ion exchange chroma- tion. 

tography or another separation process, but not yet subject According to the preferred practice of this invention, 

to immunoaffinity chromatography or other separation proteolysis of factor IX is deterred in the anion exchange 

process, may be stored effectively for prolonged periods of chromatography eluales by maintaining the protein in the 

time, for example, at least about 12 hours at 4° C. or at least 60 presence of one or more suitable organic or inorganic salts 

about 3 months when stored frozen. In such storage, deg- at relatively high molarity (for example, about 1 Molar or 

radation or activation of factor IX is inhibited by virtue of more) until immediately prior to subjecting the factor IX 

the use with the factor IX of a relatively high concentration enriched fractions to the further separation procedure of 

of salt as disclosed herein. This serves as a clinically immunoaffinity chromatography using monoclonal antibod- 

important alternative to storing such fractions in the pres- 65 ies which are used to separate factor IX from remaining 

ence of toxic organic protease inhibitors which may be very coagulation factors and other proteins. In preferred form, 

difficult to remove from the final product. There are numer- prior to treatment with monoclonal antibodies, the molarity 
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of the solution is reduced to some extent, for example, to 
about 0.5 M. The affinity of the monoclonal antibodies for 
factor IX separates it from remaining materials which would 
tend to activate factor IX to factor IX a and/or degrade factor 
IX to peptides of altered length and/or conformation. After 
separating factor IX from the monoclonal antibodies, it can 
be recovered, and even stored, in dilute form, if desired. 

In connection with evaluating the purity of factor IX 
compositions that are capable of being produced by the 
present invention, two parameters, protein concentration and 
specific activity, must be determined. 

Measurements which determine the protein concentra- 
tions in factor IX samples vary depending upon the precise 
method used. In the practice of this invention, the concen- 
tration of protein in factor IX samples is determined at 280 
nm based on an extinction coefficient for a 10 mg/ml 
solution of pure factor IX of 13.7 units in a one centimeter 
pathway. Corrections for Rayleigh scattering are made fol- 
lowing the methods of Bloom, J. W. et al., Biochemistry, 18, 
4419-4425 (1979). See also Shapiro, S. S. et al., Thromb. 
Diath. Haemorr., 16, 469 (1966). 

Many assay methods have been reported in the art for 
evaluation of the specific activity (units factor IX activity/ 
mg protein) of factor IX compositions. Such assay methods 
often fail to make corrections for contamination of the factor 
IX sample by factor IX a . As a result, it is difficult to evaluate 
the purity and safety of factor IX therapeutics produced by 
different methods and/or assayed according to different 
protocols. 

Some of the assays which are presently used include a two 
stage clotting assay, (Leibman, H. A. et al., Proc. Natl. Acad. 
Sci., USA, 82, 3879-3883 (1985)); an assay based on the 
single stage activated partial thromboplastin time ("APTT"), 
Smith, K. J. et al., Blood, 72, 1269-1277 (1988); and assays 
which are modifications of the APTT test, for example, 
Jenny, R. et al., Preparative Biochemistry, 16, 227-245 
(1986). Assays based on antigenic potency of factor IX have 
also been proposed as a measure of purity (Smith, K. J. et al., 
Thromb. Haemostas., 58, 349 (1987)). 

For the purpose of the present invention, the specific 
activity of factor IX compositions is assayed according to 
the single stage activated partial throinboplastin time 
"APTT" procedure of Smith, K. J. et al. Blood, 72, 
1269-1277 (1988). 

In prior art assays, many investigators have also used as 
a factor IX standard human plasma samples to which an 
assumed potency of 1.0 unit/ml is assigned. However, it 
must be emphasized that normal human plasma often con- 
tains a factor IX concentration significantly different from 
1 .0 unit/ml. For present purposes, reference is made to the 
International Reference Standard of factor IX, WHO #1, 
supplied by the World Health Organization. 

Literature values for the specific activity of purified factor 
IX have been found to range from 130 to 220 unils/mg. 
Differences in methods of protein determination, assay tech- 
nique and calibration standards probably account for the 
reported differences. Compare Smith, K. J. et &\.,Bloodp, 72, 
1269-1277 (1988) (134-155 units/mg); Bajaj, P. S. et al., 
Preparative Biochemistry, 11(4), 397^112 (1981) (180-220 
units/mg); Osterud, B. et al., J. Biol. Chem., 253(17), 
5946-5951, (1978) (207 units/mg); Jenny, R. et al., Pre- 
parative Biochemistry, 16, 227-245 (1986) (132 units/mg). 

Comparing results from different laboratory groups which 
utilize different methods to assay factor IX„ is also very 
difficult. This is particularly important since factor IX and 
factor IX„ can each interfere with assays designed to detect 
the other. An additional contribution associated with the 



development of this invention comprises the provision of a 
high sensitivity assay for factor IX a based on the partial 
thromboplastin test ("PTT"). The assay herein reported is 
not affected by the presence of factor IX, and as demon- 

5 slrated in the example section below, validates the utility of 
the factor IX stabilizing processes of the present invention. 

Therapeutic factor IX-containing compositions useful in 
the treatment of Christmas disease need not be comprised of 
factor IX at the absolute limit of specific activity as long as 

10 remaining protein contaminants will not cause detectable 
adverse clinical, effects in humans when such compositions 
are administered in otherwise therapeutic doses. As demon- 
strated in the example section below, the purification pro- 
cedure of Example 1 can be used to produce factor IX for 

15 therapeutic use with a specific activity of at least 194 
units/mg protein with a factor IX„ contamination level of 
less than 0.02% (w/w). Factor IX compositions suitable for 
injection into a patient can be prepared, for example, by 
reconstitution with a pharmacologically acceptable diluent 

20 of a lyophilized sample comprising purified factor IX and 
stabilizing salts. 

Among the techniques which can be used to show the 
purity of the resultant factor IX, and the minimization of 
contaminating factor IX„ or factor IX degradation peptides 

25 in the therapeutic compositions of this invention, are sodium 
dodecylsulfate polyacrylamide gel electrophoresis (SDS- 
PAGE), Western blotting of eleclrophoresed factor 
IX-containing samples, and direct enzymatic assays for 
factor IX and factor IX„. 

30 In the practice of this invention, and because of difficulties 
in correlating in vitro assays with in vivo thrombogenic 
events, the potential thrombogenicity of purified factor IX 
preparations is evaluated using (1) the Wessler Rabbit Stasis 
Assay, (2) SDS-PAGE and Western blots to determine the 

35 amount of peptide(s) having an approximate molecular 
weight of 54 kDa, and (3) a new modified form of the APTT 
assay to determine the Level of factor IXa or of other 
peptides causing IXa-like activity. It is believed that the best 
currently available indicator of safety of therapeutic factor 

40 IX preparations is provided when the sample has a low 
response in the rabbit stasis test, contains (by SDS-PAGE) 
less than 10% of 54 kDa material, and gives further indi- 
cation of having a low factor IX„ content as measured in a 
modified (see Example 3 below) APTT test. 

EXAMPLES 

The following examples are illustrative of the practice of 
the invention. 

Example 1 
Purification Of Factor IX 

This example demonstrates the purification of preparative 
quantities of therapeutically useful factor IX from blood 
plasma utilizing high concentrations of sodium chloride at 
55 particular steps to prevent proteolytic damage to factor IX. 
A commercial manufacturing quantity of frozen plasma 
was allowed to thaw slowly at about 0° C. producing 
supernatant and precipitated fractions (see Pool, J. G. et al., 
Nature, 203, 312 (1964)). The supernatant fraction of the 
60 plasma which remains after cryoprecipitation contains factor 
IX and much of the original concentrations of factors II, VII 
and X. To the supernatant plasma fraction at about 4° C. 
were added DEAE-Sephadex" A-50 anion exchange beads 
(about 1.5 g/liter of supernatant). The resulting suspension 
65 was stirred gently for one hour in the cold as factor IX bound 
to the resin beads. Approximately 96% weight percent of the 
factor IX originally present in the plasma was localized on 
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the resin beads. Other prothrombin complex proteins also 
bind. The resin beads with retained protein were collected by 
filtering and then washed with a volume of wash buffer,, 
precooled to about 4° C, which was at least equal to the 
volume of the cryoprecipitate-free supernatant. The wash 
buffer comprised a solution of 0.2 M NaCl, 0.01 M Na 3 
citrate, pH 7.0, and 0.04 unit/ml sodium heparin. The ionic 
strength of the wash buffer was insufficient to cause signifi- 
cant dissociation of factor IX from Sephadex® beads. Elut- 
ing buffer (an aqueous solution of 2M NaCl with 10 mM 
sodium citrate, pH 7.0, and precooled to about 4° C.) was 
added and then gently stirred with the resin beads for 30 
minutes. The resulting eluate was collected and held or 
processed further. Elution of the resin beads may be repeated 
and the eluates combined. Temperature control was main- 
tained at between 2 and 8° C. for each of the steps of the 
DEAE-Sephadex® binding and elution procedure. 

The elution of the factor IX-enriched fraction 
(prothrombin complex) from the DEAE-Sephadex" resin 
with a solution of 2M NaCl buffered with 10 mM sodium 
citrate, results in a combined eluate fraction whose final 
NaCl molarity (because of the lower ionic strength of the 
void volume solution) is approximately 1.0 Molar. 

Once clarified and sterile filtered, the combined eluate 
(the "stable factor IX-enriched fraction" of this invention) 
was stored frozen at or below -40° C. prior to subsequent 
processing. Storage in the frozen state at or below -40° C. 
for 4 weeks or less does not affect the usefu lness of the factor 
IX-containing samples. As a result of the stabilizing influ- 
ence of the salts useful in the practice of the invention, 
storage for commercially practicable periods of time results 
in intermediate purity factor IX preparations having less 
than 10% loss of potency and showing little or no activation 
or degradation. This would not be the case if storage were 
effected in a buffer containing a lower molarity of salt, such 
as 0.15 M NaCl, even at -40° C. 

Alternatively, the stable factor IX-enriched fraction was 
stored at 4° C. for up to 12 hours prior to being further 
processed. This procedure is. in contrast to prior art methods 
which teach that the eluate should be dialyzed or diafiltered 
extensively against a buffer of low salt concentration prior to 
further purification or clinical use. 

Immediately prior to applying the "stable Factor IX 
enriched fraction" to a monoclonal antibody affinity column, 
it is diluted 1:1 with water reducing the sodium chloride 
concentration of the preparation to 0.5 Molar. The factor 
IX-containing prothrombin complex solution is loaded on a 
monoclonal antibody column, washed extensively and 
eluted with 3 M sodium thiocyanate. Testing of the eluate for 
degraded factor IX or for factor IX„ shows them to be 
present at very low levels, allowing completion of the 
fractionation. 

Preparation and utilization of monoclonal antibodies for 
immunoaffmity chromatography of the stable factor IX 
enriched fraction follow well established procedures. Puri- 
fication of factor IX sufficiently pure for the production of 
monoclonal antibodies followed the procedure of Osterud, 
B. et al., /. Biol. Chem., 253(17), 5946-5951 (1978). 
Spleens from mice previously injected with highly purified 
factor IX were removed and cells therefrom fused according 
to a standard procedure. Brown, J. P., et al., J. Biol. Chem., 
225, 4980-4983 (1980). Details of preparing and operating 
the immunoadsorbent system are as described in the speci- 
fication "Immunoadsorbent, and Method of Recovering 
Vitamin-K Dependent Protein Therewith" EPO Serial No. 
84-301162.8, published on Sep. 12, 1984 bearing number 0 
118 256. 
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Factor IX was eluted from the monoclonal antibody 
column in a solution of 3 M sodium thiocyanate, 50 mM 
Tris.HCl, 10 mM EDTA, pH 8.0, and then diafiltered against 
50 mM NaCl, 5 mM histidine, pH 7.0. The diafiltered factor 
IX solution was then subject to ultrafiltration against a 
YM100 membrane (Amicon Co. Danvers, Mass.) having a 
molecular weight cutoff for globular proteins of 100 kDa, 
thereby allowing factor IX to pass through the membrane 
with retention of viral particles. The factor IX-containing 
filtrate was collected, and then subject to filter concentration 
against a membrane suitable for retaining globular proteins 
with molecular weights greater than 10 kDa. The purified 
factor IX solution was then frozen and stored at -70° C. 
prior to final processing, thereby accommodating a com- 
mercial production schedule. The purified factor IX solution 
was finally subject to chromatography on a bead-formed 
agarose gel containing positively charged aminohexyl 
groups (AH Sepharose® 4B, Pharmacia, Uppsala, Sweden). 
The agarose gel chromatography accomplishes no actual 
further enhancement of purity of factor IX with respect to 
other coagulation factors, but serves to concentrate factor IX 
and remove trace levels of factor IX antibody which may 
have leaked from the monoclonal antibody column. Other 
commercially available gels can also be used. 

After allowing factor IX to bind to the agarose gel beads, 
the gel was washed with 0.15 M NaCl, 10 mM 
histidine.HCl, 5 mM lysine.HCL, pH 7.0. Factor IX was 
eluted from the gel with a solution of 0.05 M CaCl 2 , 0.15 M 
NaCl, 10 mM histidine.HCl, pH 7.0. The eluate was then 
diafiltered against 66 mM NaCl, 10 mM histidine.HCl, 3% 
(w/v) mannitol, pH 7.0, clarified, sterile filtered and stored 
at -40° C. or below. Alternatively the filtered solution may 
be freeze dried. The resulting material is the "improved 
factor IX final product" of the invention and has a specific 
activity which averages 180-200 units activity/mg protein. 

Example 2 
A Comparison with Prior Art Products 

It is disclosed in the prior art that prothrombin complex 
concentrate, in approximately 1M-2M of NaCl, should be 
subject to lengthy manipulations such as dialysis, taking 
perhaps 24 hours, to reduce the salt concentration of the 
factor IX-containing isolate to the physiological range 
(about 0.15 Molar) for clinical use, or prior to further 
purification under low ionic strength conditions. 

A comparison was made of the clarified, filtered pro- 
thrombin complex concentrate maintained in a 1.0 M NaCl 
solution containing also 10 mM sodium citrate, pH 7.0 ("the 
stable factor IX enriched fraction" of Example 1) with a 
prior art-type DEAE-Sephadex anion exchange chromatog- 
raphy eluate (a prothrombin complex concentrate) which 
was, according to standard practice, subject to dialysis or 
diafiltration to reduce its salt concentration to the physi- 
ological range. Both types of eluate fractions were then 
subject to further purification using monoclonal antibodies 
as described above resulting in an "improved factor IX final 
product", and a typical prior art final product. 

C~ Table 1 shows purity results for the final factor IX product] 
of Example 1 and typical prior art process final product, AsJ 
can be seen from the table, individual lots of "improvecT 
6o/7actor IX final product" derived from "stable factor 
UX-enriched fraction" show much less contamination by 
factor IX„ than final product derived from DEAE Sephadex 
anion exchange eluates which, consistent with the prior art, 
were subject to diafiltration into isotonic buffer solution for 
3^1 hours with subsequent frozen storage prior to being 
applied to an immuno affinity column. Factor IX was assayed 
by the "APTT" method according to Smith, K. J. et al., 



35 



40 



50 



55 



65 



US 6,280,729 Bl 



19 



20 



Blood, 72, 1269-1277 (1988). Factor IX„ was assayed by the 
partial thromboplastin test, "PTT", Varadi, K. et al., Thromb. 
Haemos., 35, 576-585 (1976) as modified according to the 
protocol of Example 3 below. The decreased contamination 
with factor IX„ in the improved product is further validated 
by the longer clotting times, in seconds, in the factor IX„ 
assay as presented in Table 1. 

TABLE 1 

Comparative Assay Results of Factor DC Final Products 
Clotting Time 









in IX a assay, 










Factor IX 


Factor IX a 


Sec. (1:10 


FIXVFTX 


FIX/FIX, 






units/ml 


units/ml 


Dilution) 


Ratio as % 


Ratio 


15 






Prior Art Factor K Final Product 






Lot 1 


98.0 


0.4875 


63.1 


0.4974 


201 




Lot 2 


100.0 


0.4375 


62.6 


0.4375 


229 




Lot 3 


103.0 


0.2350 


64.0 


0.2282 


438 




Lot 4 


102.0 


0.3500 


52.5 


0.3431 


291 


20 


Lot 5 


115.0 


0.2625 


68.0 


0.2283 


438 






Improved Process Factor IX Final Product 






Lot 6 


78.0 


0.0286 


146.2 


0.0376 


2,727 




Lot 7 


92.0 


0.0278 


151.1 


0.0302 


3,309 




Lot 8 


125.0 


0.0247 


160.3 


0.0198 


5,060 


25 


Lot 9 


102.0 


0.0088 


225.0 


0.0086 


11,591 




Lot 10 


110.0 


0.0423 


134.3 


0.0385 


2,600 





Anion exchange chromatography eluates and final prod- 
ucts derived therefrom, when analyzed using sodium dode- 
cylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
according to the procedure of Weber, K. et al., J. Biol. 
Chem., 244, 4406-4412, (1969) or as modified by Laemli, 
U. K. Nature, 227, 680-685 (1970), using an acrylamide 
concentration gradient of 4 to 12%, demonstrate (see FIG. 1) 
that prior art-type anion exchange chromatography eluate 
(prothrombin complex) and resultant final product are 
heavily contaminated with a band of apparent molecular 
weight of 54,000, characteristic of factor IX„, (and certain 
factor IX degradation peptides), whereas this contaminant is 
much less apparent in the gel lanes corresponding to the 
stable factor IX-enriched fraction of the invention and final 
product derived therefrom. The lanes of the slab gel (FIG. 1) 
are loaded with approximately 14 fig of protein in the case 
of DEAE concentrates and approximately 9 fig for final 
products derived therefrom. Lane 1 of the Figure shows 
appropriate molecular weight markers. Lanes 2, 4 and 6 
show individual lots of stable factor IX-enriched fraction 
derived from DEAE-Sephadex® chromatography according 
to the procedure of Example 1. Lanes 3, 5 and 7 comprise 
samples of the respective final products derived therefrom. 
Lane 8 comprises a sample of DEAE concentrate prepared 
by a non-optimized prior art procedure which does not use 
high concentrations of salt to protect factor IX. Lanes 9 and 
10 present duplicate samples of final product derived there- 
from. 

Factor IX 0 contamination of the final factor IX products 
and anion exchange chromatography eluates (both produced 
via the improved process, and according to the prior art) was 
also compared using the highly sensitive Western blot tech- 
nique. Factor IX„ was detected by cross-reactivity of anti- 
factor IX antibody. In this procedure, the test samples were 
subjected to electrophoresis in a 4 to 12% acrylamide 
gradient gel in the presence of sodium dodecyl sulfate 
detergent. The proteins were then blotted and immobilized 
onto a nitrocellulose sheet. The pattern was visualized using 
rabbit anti-serum to human factor IX and horseradish per- 
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oxidase conjugate of goat anti-rabbit IgG. Color was finally 
developed using 4-chloro-l-naphthol and hydrogen perox- 
ide. (See Pasternack et al., Nature, 322,740 (1986)). FIG. 2 
demonstrates that the new process leads to a final product 
having only traces of factor IX„ even when the gels are 
overloaded, as compared with the typical result of the prior 
art. The gel lanes in FIG. 2 correspond exactly to the gel 
lanes in FIG. 1 and represent the Western blot of a duplicate 
of the SDS-PAGE gel shown in FIG. 1. The gel lanes are 
loaded with approximately 14 fig for samples comprising 
DEAE concentrates and 0.07 fig for lanes containing final 
products. 

Example 3 

An Improved Assay for Factor IX„ in Factor IX Preparations 

In connection with the work on the present invention, an 
improved coagulation assay for factor IX a , or for degraded 
54 kDa factor IX-derived peptides or other proteins having 
factor IX a -like activity, was developed and standardized to 
provide the art relating to blood purification with an 
improved analytical method. The principle of the new 
coagulant assay, which is highly sensitive, is based on the 
partial thromboplastin test ("PTT") and further demonstrates 
the lack of factor IX a activity in factor IX purified in 
accordance with the present invention. The assay is useful in 
predicting in vivo thrombogenicity of factor IX 
preparations, especially when used in conjunction with the 
in vivo assays of Example 7. 

The potency of factor IX„ or of peptides conferring factor 
IX a -like activity is calculated directly based on clotting time 
in a one step assay. The phospholipid reagent used in the 
assay was derived from bovine brain and was used without 
activator. Thrombofax®, Ortho Diagnostic Systems, 
Raritan, N.J. Typical PTTprocedure was modified by adding 
BaS0 4 -adsorbed bovine plasma to factor IX-deficient 
human plasma in the assay protocol thereby increasing the 
supply of labile factors V and VIII. 

This method is used for the measurement of activated 
factor IX„ in factor IX final products, as well as for moni- 
toring ili-process samples. The results from a spike test with 
factor IX samples showed good linearity and reproducibility 
for the factor IX a assay in the range of 0.0005 IX„ units/ml 
to 0.05 IX„ units/ml. Very small quantities of factor IX„ in 
factor IX preparations can therefore be measured. 

The effect of purified factor IX on the factor IX a assay 
was also studied by comparison of factor IX„ spiked with 
factor IX dilutions and factor IX spiked with factor IX„ 
dilutions. Factor IX does not interfere with the factor IX„ 
assay. The assay is readily adapted to monitoring other 
factor IX preparative procedures. The factor VK a concentra- 
tion data provided in Table 1 were calculated according to 
this procedure. 

Only extremely low levels of factor IX a were found in the 
final monoclonal antibody-purified factor IX product pro- 
duced according to the procedure of Example 1. Example 4 
to 8 of the invention further demonstrate the purities and 
stabilities of factor IX which can be achieved by using 
various types of salt environments in accordance with the 
present invention. 

Example 4 

Stabilization of Factor IX at Different NaCl Concentrations 
This example demonstrates the effects of different sodium 
chloride concentrations on the stability of factor IX in 
intermediate purity preparations (DEAE Sephadex® eluate 
fractions) over a 5-day period of storage at 4° C. 

Prothrombin complex (containing factor IX, significant 
quantities of factors II, VII, X and numerous other contami- 
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nating proteins) is eluted from the DEAE-Sephadex® resin 
using 2M NaCl in accord with the procedure of Example 1. 
Both a first and a second eluate from the resin are collected 
and separately stored at 4° C. Eluted fractions achieve 
different final NaCl molarities (0.96-1.4 M) as the buffer 5 
present in the void volume of the resin must be displaced. 

The samples of the eluates which were generated for this 
example are: 

(A) from the 1st column elution at 0.956 M NaCl 

(B) a sample of material (A) diluted to 0.524 M NaCl 10 

(C) a sample of material (A) subject to ultrafiltration and 
diafiltration as in the typical prior art process, reducing 
the NaCl concentration to 0.056 M. 

(D) a portion of sample (C) is on completion of the 55 
filtration procedure then brought back to 0.481 M of 
NaCl for analysis over 5 days. 

(E) from the second column elution at 1.4 M of NaCl. 

(F) a sample of material (E) diluted to 0.532M NaCl. 
Once prepared, these samples were stored at 4° C. and 20 

then examined at zero, one, two and five days time for factor 
IX and for factor \X a . Factor IX was assayed in a single 
stage activated partial thromboplastin time "APTT" proce- 
dure according to the method of Smith, K. J. et al. Blood, 72, 
1269-1277 (1988), and factor IX, levels were determined 25 
using the new factor IX„ assay presented in Example 3. 
Table 2 demonstrates that NaCl of 1.4 M or higher concen- 
tration results in maximal protection of factor IX against 
protease activity and minimizes production of factor IX a 
under the conditions indicated. 
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This example illustrates that the use of a relatively high 
concentration of salt in accordance with the present inven- 
tion is effective over a wide temperature range. 

A sample of DEAE Sephadex® eluate produced by the 
procedure of Example 1 above, which had been clarified and 
sterile filtered and containing 1M of NaCl and 10 mM 
sodium citrate, pH 7.0, was thawed after storage at -80° C. 
Separate five ml aliquots of the sample were dialyzed 
overnight at either 3° C. or 25° C, against 1.0, 0.75, 0.5, or 
0.15 M sodium chloride solutions and then analyzed by 
Western blots and in factor IX and IXa activity assays. At 
low concentrations of dialysis salt, factor IX activation is 
substantial — even at 3° C. For example, when held at 3° C. 
and at 0.15 M of NaCl, approximately two thirds of the 
original factor IX is degraded after 12 hours. Factor IX 0 
levels were also observed to drop in samples dialyzed at low 
salt concentration, at 3 or 25° C, providing further evidence 
of the potential extent of proteolysis of prothrombin con- 
centrates. 

FIG. 3 presents the result of a Western blot at 25° C. 
Results at 3° C. were very similar. The respective lanes of 
the blot are (1) molecular weight markers; (2) a control 
consisting of frozen DEAE concentrate-eluale from DEAE- 
Sephadex® resin maintained in high salt according to the 
practice of this invention; (3) a thawed sample of DEAE 
concentrate (produced according to the procedure of 
Example 1 and containing also approximately 1M of NaCl) 
applied directly to the parent acrylamide gel without over- 
night dialysis; (4) a sample of DEAE concentrate produced 
according to the procedure of Example 1 and dialyzed 
overnight against 1.0 M NaCl; (5) a sample as in (4) above 



TABLE 2 



The Effect of Sodium Chloride Concentration 
on the Stability of DEAE-Sephadex Anion Exchange 
Chromatography Eluate preparations at 4° C. 



Final 





NaCl 


FIX (%) 


FIX, (%) 


F.K (%) 


FIX, (%) 




Molarity 


U/ML 


U/ML 


U/ML 


U/ML 








0 Days 




1 Day 


Sample A 


0.956 


16.5(100) 


0.0500(100) 


17.0(103) 


0.0500(100) 


Sample B 


0.524 


9.1(100) 




8.2(90) 


0.0385 


Sample C 


0.056 


14.0(100) 


0.0125(100) 


9.5(68) 


0.0260(208) 


Sample D 


0.481 


11.0(100) 




8.6(78) 


0.0339 


Sample E 


1.40 


4.1(100) 


0.0143(100) 


4.4(107) 


0.0159(100) 


Sample F 


0.532 


1.35(100) 




1.2(89) 


0.0079 








2 Days 




5 Day 


Sample A 


0.956 


16.5(100) 


0.0408(82) 


19.8(118) 


0.0909(223) 


Sample B 


0.524 


6.2(68) 


0.0400 


3.9(43) 


0.0667 


Sample C 


0.056 


6.5(46) 


0.0297(238) 


2.5(19) 


0.3226(2581) 


Sample D 


0.481 


6.2(56) 


0.0238 


2.7(25) 


0.0385 


Sample E 


1.40 


3.8(86) 


0.0100(70) 


5.0(131) 


0.0294(294) 


Sample F 


0.532 


0.88(65) 


0.0044 


0.32(24) 


0.0093 



From Table 2, it can be seen that use of the present 

invention has a profound effect on the stability of factor IX 
in prothrombin complex fractions. The results for 0 and 5 
day timepoints were also confirmed in the Western blot 
assay system of Example 2 using an anti-factor IX mono- 60 
clonal antibody which also reacts with factor IX„ and other 
54 kDa factor IX-derived peptides. 

Example 5 65 

Effect Of Salt Concentration On Factor IX Stability at Two 
Different Temperatures 



but dialyzed against 0.75 M NaCl; (6) a sample as in (4) 
above but dialyzed against 0.5 M NaCl; and (7) a sample as 
in (4) above but dialyzed against 0.15 M NaCl. 

Example 6 

Use Of Different Salts 

This example demonstrates that a variety of soluble salts 
exhibit factor IX-protective effects. 

A sample of DEAE Sephadex® eluate produced accord- 
ing to the procedure of Example 1 and containing 1 M of 
NaCl and 10 mM sodium citrate, pH 7.0 was clarified and 
sterile filtered prior to storage at -80° C. Separate five ml 
aliquots of the thawed solution were dialyzed overnight at 3° 
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C. against 1 Molar solutions of sodium acetate, lithium 
chloride, magnesium chloride, potassium chloride, sodium 
chloride or sodium sulfate. The dialyzed solutions were 
assayed for factor IX, factor IX„ and also analyzed in the 
non-activated partial thromboplastin time "NAPTT" test 
(Kingdon, H. S. et al., Thromb. Diath. Haemorrh., 33, 
617-631 (1975)). The results are summarized in Table 3 and 
were confirmed with Western blots. It can be seen that LiCl, 
KC1, NaCl, MgCl 2 and Na 2 S0 4 are strongly factor-IX 
protecting at 1.0 14 concentration. It is noted that such 
effects can be demonstrated in both certain strongly salting 
in salts (Na or KSCN) and certain moderately salting out 
salts (KC1 and N^SO,,). 

The sodium acetate dialyzate showed considerably more 
factor IXa production than solutions of the other soluble 
salts although less factor IX activation and degradation were 
noted therein than would be expected using a 0.15M NaCl 
dialysis solution. 

TABLE 3 

Low Temperature Stability of Factor IX in 
1M Concentrations of Various Salts 



No. 


1M Salt 


u/ml 


u/ml 


Dilution 


% 


1 


Na Acetate 


25.5 


0.130 


1:10 


45 










1:100 


82 


2 


LiCl 


20.5 


0.0294 


1:10 


62 










1:100 


91 


3 


KCL 


20.5 


0.0200 


1:10 


90 










1:100 


94 


4 


MgCl 2 


19.0 


0.0016 


1:10 


Did not clot 










1:100 


106 


5 


Nn 2 SO., 


20.5 


0.0192 


1:10 


100 










1:100 


108 


6 


NaCl 


21.0 


0.0247 


1:10 


90 










1:100 


99 


Control 


NaCl 


21.0 


0.0333 


1:7 


77 




(thawed DEAE 






1:100 


91 




Sephadex eluate, 












without 












dialysis, after 












overnight 












storage.) 











Example 7 

Factor IX Purity As Validated By The Wessler Rabbit Stasis 
Assay. 

This example demonstrates that factor IX purified in 
accord with the process of Example 1 does not cause 
unwanted coagulation as measured by the in vivo Wessler 
Rabbit Stasis Assay for thrombogenicity. 

Factor IX preparations consisting of prior art DEAE 
Sephadex® eluates (diafiltered against physiologically iso- 
tonic buffer) and factor IX final products produced accord- 
ing to the practice of this invention (using anion exchange 
chromatography and held at high sodium chloride concen- 
tration prior to subsequent immunoaffinity chromatography) 
were injected in vivo into isolated, ligated sections of rabbit 
jugular veins according to the procedure of Wessler et al., J. 
Appl. Physiol. 14:943-946 (1959) to assess the formation of 
stasis thrombi. 

Scoring was accomplished following the system of 
Wessler, et al. according to the size of the clot wherein a + 4 
clot represents the largest size of clot which can normally be 
generated with thrombogenic materials in the size and type 
of vessel selected and + 1 is the smallest such clot which can 
be visibly detected. The results of the evaluations of the prior 
art compositions, and those of the present invention show 



that, in contrast to the use of compositions of the prior art, 
compositions of this invention show no adverse effects in 
vivo up to concentrations of factor IX on a per kg weight 
basis well beyond that which would be administered to a 
human hemophilia B patient. It is proposed that use of this 
assay in conjunction with analysis of SDS PAGE gels for 54 
kDa peptides, and also the factor IXa assay (Example 3) is 
the best available method to predict of in vivo utility and 
safety of therapeutic factor IX preparations. 

TABLE 4 

Wessler Rabbit Stasis Assay for Thrombogenicity- 
Effect of Process Optimization on Thrombogenic 
Potential of Factor IX 



20 



25 



30 



Rabbit Scores 



Lot 



Potency 100 U/Kg 



200 U/Kg 



400 U/Kg 



Number 


(u/vl) 


1 


2 


3 1 


2 


3 


1 


2 


3 






Prior Art Process for Factor IX 










1 


1060 


*2 


*3 


"2 *2 


*2 


*2 


♦3 


*4 


*4 


2 


500 


*1 


*1 


*2 *3 


*2 


*2 


*3 


*2 


*2 


3 


230 


*1 


*1 


*2 


*1 


*1 


*2 


1 


*1 


4 


255 


0 


0 


0 *2 


*3 


*3 


*2 


*3 


*3 


5 


1000 


0 


0 


0 *1 


*2 


n 


♦2 


♦1 


♦2 


6 


525 


0 


0 


0 ± 


0 






0 


± 




Optimized Process Foi 


Monoclonal Factor IX 






7 


590 


0 


0 


0 






0 


0 


0 


8 


465 


0 


0 


0 






0 


0 


0 


9 


540 


0 


0 


0 






0 


*i 


0 


10 


490 


0 


0 


0 






0 


0 


*1 


11 


520 


0 


0 


0 






0 


0 


0 



35 Example 8 

Moderate Concentrations of Certain Salts are Effective to 
Protect Factor IX 

This example demonstrates that certain soluble salts are 
effective in protecting factor IX when used at lower con- 

40 centrations than are generally needed for sodium chloride. 
Since use of prothrombin complex concentrate can lead to 
dangerous clinical effects, recently developed purification 
strategies incorporate additional separation steps in their 
protocols to further purify factor IX. Not all of these 

45 separation techniques (for example, certain column 
technologies) can be made to work in high molarity salt 
conditions. For example, factor IX may not adhere to a 
particular monoclonal antibody affinity column if the salt 
concentration is much above 0.5 Molar. Therefore it would 

50 be desirable to identify soluble salts which exhibit factor 
IX-prolective effects when present at moderate molarity 
such as between about 0.4 and about 0.7 Molar, or below. 

Accordingly, separate 5 ml aliquots of a sample of DEAE 
concentrate, the "stable factor IX-enriched fraction" pro- 

55 duced via the protocol of Example 1 (containing also 1.0 M 
NaCl buffered at pH 7.0 with 10 mM sodium citrate) and 
which had been stored frozen at "80° C. were dialyzed 
overnight at 4° C. against 0.5 M solutions of NaCl, KC1, 
LiCl, Na 2 S0 4 or MgCl 2 . A citrate buffered 1.0 M NaCl 

60 dialyzate was used as a control. Assays for factor IX and 
factor IX a were then performed, and the samples were 
screened (FIG. 4) in the Western blot system. 

As is readily apparent from the blot in FIG. 4, buffered 
solutions of 0.5 M magnesium chloride (lane 3), sodium 

65 sulfate (lane 4), lithium chloride (lane 5) and potassium 
chloride (lane 6) each demonstrated factor IX stabilizing 
ability which is approximately equal to that of 1.0 M NaCl 
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(lane 8) and considerably better than thai of 0.5 M NaCl 
(lane 7). Lane 9 in FIG. 4 shows appropriate molecular 
weight markers. Lane 1 shows a control of DEAE concen- 
trate made by the typical prior art process and dialyzed 
against isotonic buffer prior Lo freezing-resulting in a high 
content of 54 kDa degraded peptide; and lane 2 shows a 
sample of frozen DEAE concentrate produced as eluate from 
DEAE-Sephadex® resin maintained in high salt according 
to the practice of this invention. 
What is claimed is: 

1. A method of treating Christmas disease in a patient 
which comprises administering to such patient an effective 
amount of a therapeutic composition comprising an aqueous 
solution of purified factor IX having a specific activity of 
greater than about 50 units factor IX activity/mg protein, 
wherein the composition is capable of being stored for a 
period of time of about 2 weeks at a storage temperature up 
to 15-30° C. and wherein at the end of said period of storage 
the composition has a factor IX specific activity of greater 
than about 50 units and is free of factor IX a , degraded forms 
of factor IX and/or active forms of other clotting factors in 
concentrations which would tend to cause detectable adverse 
clinical effects in a human when said composition is admin- 
istered in a therapeutic dose. 

2. A method according to claim 1 wherein the therapeutic 
composition has a factor IX-specific activity of greater than 
about 100 unils/mg protein before and after said period of 
storage. 

3. A method according to claim 2 wherein the therapeutic 
composition has a factor IX-specific activity of greater than 
about 194 units/mg protein before and after said period of 
storage. 

4. A method according to claim 1 wherein in the thera- 
peutic composition said purified factor IX is prepared by 
separating contaminating proteins in solution therewith by a 
purification process comprising at least two sequential sepa- 
ration steps, said purification process including the steps of 
(a) adding to said solution of factor IX and other proteins 
one or more organic or inorganic salts to a concentration of 
from about 0.7 to about 3 M and (b) maintaining said salt 
concentration in said solution between purification steps 
until the factor IX has been separated from the contaminat- 
ing proteins which tend to activate factor IX to factor IX„ 
and/or to degrade factor IX to peptides of altered length 
and/or conformation. 

5. A method of. treating Christmas disease in a patient 
which comprises administering to such patient an effective 
amount of a therapeutic composition comprising an aqueous 
solution of purified factor IX which is made using a method 
for purifying and preserving factor IX derived from human 
blood plasma or other source by separating factor IX from 
contaminating proteins which are in solution therewith by a 
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purification process comprising at least two sequential sepa- 
ration steps, the improvement which comprises stabilizing 
factor IX in solution against activation to factor IX„ or 
against degradation to peptides of altered length and/or 

5 conformation by the steps of (a) adding one or more soluble 
organic or inorganic salts to the factor IX-containing solu- 
tion to a concentration of from about 0.7 to about 3 M prior 
to or during a first separation step, which concentration is 
sufficient to prevent or substantially minimize activation of 

10 or degradation of factor IX, but which concentration is 
insufficient to cause precipitation of, irreversible alterations 
in, or denaturation of the factor IX molecule, and (b) 
maintaining the sall(s) in the solution at said concentration 

j s until at least through commencement of a subsequent sepa- 
ration step in which the factor IX is separated from those 
impurities which tend to activate factor IX to factor IX„ 
and/or to degrade factor IX to peptides of altered length 
and/or conformation. 

20 6. A method of treating Christmas disease in a patient 
which comprises administering to such patient an effective 
amount of a therapeutic composition comprising an aqueous 
solution of purified fact-or IX which is made using a method 
of stabilizing factor IX which is derived from recombinant 

25 technology using bacterial, yeast or other cells against 
activation to factor IX a or against degradation to peptides of 
altered length and/or conformation which method comprises 
adding one or more soluble organic or inorganic salts to a 
solution containing said factor IX to a total concentration of 

30 salt of from about 0.7 to about 3 M, which concentration is 
sufficient to prevent or substantially minimize catalytic 
action by proteases upon factor IX, but at a total concen- 
tration of said salt or salts insufficient to cause precipitation 
of, irreversible alterations in, or denaturation of the factor IX 

35 molecule. 

7. A composition which comprises a lyophilized powder, 
solution, suspension, or frozen solution or suspension, of 
factor IX having a specific activity of factor IX above about 
50 units/mg of protein and which includes, on a percent by 

40 weight of protein basis, no more than about 0.1% of factor 
IX 0 , or no more than about 10% in total of one or more factor 
IX degradation peptides having molecular weights from 
approximately 40 to approximately 65 kDa. 

8. The composition of claim 7 wherein said specific 
45 activity of factor IX is above about 194 units/mg of protein. 

9. The composition of claim 7 wherein the composition is 
capable of being stored for a period of time of about 2 weeks 
at a storage temperature up to 15-30° C. and wherein at the 
end of said period of storage the composition has a factor IX 

50 specific activity of greater than about 50 units/mg of protein. 
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Within the put 20 yean or »o, factor IX ha* been at the centre of particularly Intemivertudlwof tophyiiology, pathology and biodbwn- 
iitry at well as it* molecular gcnetici and biology. With the complete nucleotide sequence of it* human gene determined In 1985 and the 
molecular defect* of over 600 abnormal human factor IX genet analysed to date, factor IX is among the few mammalian pro trim which 
have been exhaustively studied in almost every aspect The enormous amount of information we now have on this medium-sized plasma 
protein sheds light on how a gene and its protein evolve, how the protein carries out a highly regulated, ipeafic and pivotal role in the 
delicately balanced blood coagulation reaction, and the correlation between clinical presentations and it* highly diverse molecular mech- 
anism of defects. This wealth of knowledge makes factor IX an excellent model for deeper study, such as truly quantitative analysis of hi 
structure-function relationship and in vivo function and regulation. It will also provide a sound foundation which may lead to improved 
treatment of haemophilia B and perhaps to its cure. This paper attempts to review the recent progress in research on factor DC 

Key words: Haemophilia, factor IX, molecular genetics, review. 



Introduction 

Blood coagulation is the principal mechanism which 
follows the initial platelet plug formation to stop blood 
loss after vascular injury. 1 The basic mechanism of 
blood coagulation and its regulation involves more 
than 20 protein factors in addition to calcium ion and 
phospholipids. u In this mechanism, factor IX plays a 
crucial role occupying a key juncture of the intrinsic 
pathway involving factor XI and the extrinsic pathway 
involving factor VII and tissue factor (Figure 1). After 
activation by these pathways, factor IX in turn acti- 
vates factor X in the presence of factor VIII, Ca J+ and 
phospholipid surface. A deficiency of factor IX in the 
circulation results in a bleeding disorder, haemo- 
philia B. 

Recently, factor XI was shown to be activated by 
thrombin, resulting in significant revisions in the 
coagulation cascade (Figure These revisions have 
indicated the important roles of thrombin and factor 
XI in the initiation and maintenance of blood 
coagulation, and have provided an explanation for a 
lack of bleeding disorders due to deficiencies of factor 
XII, prdkaJlikrein, and high molecular weight kinino- 
gen. Because both haemophilia A (deficiency of factor 



VIII) and haemophilia B patients bleed in spite of the 
normal amount of factor VII in their circulation and 
sufficient amount of tissue factor available, generation 
of factor Xa catalysed by the pathway involving factor 
IXa-factor VIII complex is obviously crucial for the 
stable maintenance of coaguwun. Acuvauun of factor 
IX and/or factor X by die factor Vila-tissue factor 
complex upon vascular injury may be essential for the 
initiation of coagulation by generating the initial 
minute amount of thrombin which may, in turn, acti- 
vate factor XI to factor XIa leading to subsequent pro- 
duction of factor IXa.' The activation pathway of 
factor X by factor Vila-tissue factor, however, appears 
to be tightly controlled by Upoprotein-associated 
coagulation inhibitor (also caljed extrinsic pathway 
inhibitor), suggesting its transient role, if any, in main- 
tenance of coagulation. 15 -* The activation pathway of 
factor IX by the factor Vila-tissue factor complex, 
however, may still play an important role in mainten- 
ance of coagulation in vivo, 1 

This article reviews current knowledge of the 
biology of factor IX: its structure-function relation- 
ships, gene structure and abnormal genes, regulation of 
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Figure 1. Basic mechanism of blood coagulation. PL indicatea phoa- 
pholipid*. Activated forms of coagulation factors are shown with a 
suffix 'a'. 



the gene and the current status of developing new ther- 
apy for haemophilia B. 

Structure of factor IX 

Human factor DC is synthesized as a prepro form of a 
single polypeptide chain (Figure 2). w Prepro factor DC 
is composed of several distinct domain (or module) 
structures. These include preleader (also called signal 
peptide) which spans amino acid (aa) -46 through 
-19, proleader (also called propeptide) spanning aa 
-18 through — 1, Gla domain (the amincn terminal 
region of about 40 amino acid residues starting at aa 
+1) containing twelve y-carboxylated gfotamic acid 
(Gla) residues, a short hydrophobic sequence, two epi- 
dermal growth factor-like domains (each about 40 
amino acid residues in length), a linking sequence, acti- 
vation peptide (35 amino acid residues in length) and 
catalytic subunit of 235 amino acid residues. Intron 
positions relative to the amino acid sequences divide 
these domain structures in a characteristic manner. 
During secretion, both signal peptide and propeptide 
are cleaved off and the mature factor IX (plasma form 



of 415 amino acid residues in length) is produced. 
Although factor IX cDNA has three Met codons in the 
same reading frame clustered in the ammo-tenninal 
end region at aa -46, -41 and -39, the third Met resi- 
due at nucleotide (nt) -39 has a sequence 
(ATCATGG) which matches best with the Kozak 
consensus sequence (NNPuNNATGGNN), 10 sug- 
gesting that this Met could be the primary translation 
start site. This is further supported by the sequences of 
different species which have conserved Met at aa -39 
but are missing a Met residue at -41 (dog, rat and 
mouse) and at -46 (dog and rat)." According to the 
ATG scanning model," the first ATG at -46 may still 
be used for translation initiation albeit at low level. Pre- 
pro factor DC undergoes several co- and post-trans- 
lational modifications. Its signal peptide is cleaved off 
by signal peptidase during the secretion of the nascent 
polypeptide chain, and the propeptide sequence is 
eventually cleaved off by a processing protease during 
the secretion of factor DC protein. Proteases whichmay 
be responsible for removing propeptides with a dibasic 
amino acid sequence at its carboxyl-tenriinus have 
been isolated and their cDNAs cloned." These pro- 
teases are either metalloendopepddase" or subtuisin 
type proteases (PACE). 1 * In co-expression experi- 
ments with factor IX in Chinese hamster ovary (CHO) 
cells, PACE could enhance propeptide cleavage which 
takes place late in the secretory pathway." Whether 
both or only one of these different endopeptidases are 
responsible for processing in the liver is not known. 

The mature plasma factor DC is a single polypeptide 
chain starting with Tyr at aa + 1 and ending with Thr at 
aa +415. Interestingly, all other homologous vitamin 
K dependent proteins of the coagulation system have 
Ala at this position (Figure 2).' Study by mutagenesis 
has shown that replacement of the Tyr residue at this 
position with Ala significandy improves the cleavage 
of the propeptide with little effect on y-carboxylation 
of recombinant factor DC." Why factor IX maintains a 
Tyr residue at this position is not known. It may have 
some biological significance in the overall regulation of 
coagulation. The plasma factor IX is secreted from 
hepatocytes into the bloodstream. During blood 
coagulation, the plasma factor DC undergoes limited 
proteolyses which free a 35 amino acid residue-long 
activation peptide, converting itself to the activated 
form, factor DCa. This is catalysed by either factor XIa 
in the presence of Ca 1 * ions or factor Vila in the pres- 
ence of tissue factor and Ca 2+ ions. Factor DCa is com- 
posed of a light chain (the ammo-terminal half, aa 
1-145) containing five structural domains with various 
functions to regulate the factor DC and a heavy chain 
(the carboxyl-terrninal half, aa 1 80-415) containing the 
protease domain (catalytic subunit). 
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Figure 2. Amino acid sequence and tentative domain structure of human prepro factor DC Numbering of amino acid sequence: positive 
numbers for the mature form of factor restarting withTyr at + 1; negative numbers in reverse direction forpreproleader sequence starting with 
Arg at -1 . Intron positions in relation to the amino add sequence are shown -with residue numbers in parentheses. Arrows show the locations of 
peptide bonds which are cleaved during processing and activation of the prepro factor DC Circled residues in the catalytic aubunit indicate key 
amino acid residues involved in the active site. Modified from Yoshitake er aP 



Thp propeptide sequence of factor IX (aa - 1 8 to - 1 ) 
plays an important role in the vitamin K dependent 
y-carboxylation of twelve glutamic acid residues con- 
tained in the Gla domain. I7 • ,, The importance of pro- 
peptide is also shown for other similar vitamin K 
dependent factors such as protein C." Gla residues in 
the Gla domain play an essential role in the biological 
function of factor IX as Ca 1+ binding sites. Studies on 
abnormal factor IX genes and a series of mutagenesis 
analyses carried out on the Gla domain and propeptide 
sequence have shed light on the mechanism responsible 
for the modification."-" The propeptide alone without 



the Gla domain can serve as the recognition site for vit- 
amin K dependent carboxylase which is embedded in 
the rough endoplasmic reticulum membrane. This is 
supported by the finding that synthetic propeptides 
alone can augment the carboxylase activity.' 7 - 1 ' The 
maintenance of the approximate size of the intact pro- 
peptide is apparently important for its function, and 
some residues of the propeptide including those at aa 
-18, -17, -16 (Phe; conserved among vitamin K 
dependent proteins), -15, and -10 (Ala; conserved) 
are critical for the reaction. In these studies, Arg resir 
dues at aa - 4 and - 1 have been shown not to be critical 
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for the y-carboxylation reaction. Interestingly, how- 
ever, mutant factor DC molecules, factor IXc^a,, 
(Arg-1 changed to Ser) m and factor IX^ niM1 (Arg-4 
changed to Glu) 21 which are transported into the circu- 
lation with propeptides uncleaved, show decreased 
levels of y-carboxylation. Mutations at aa -1 and -4 
not only inhibit the proper cleavage of the peptide 
bond between Arg-1 and Tyr+1, but also may affect 
y-carboxylation to some extent by changing the con- 
formation of the propeptide and Gla domains. In 
y-carboxylation, propeptide bound to carboxylase 
may function to anchor die nascent factor IX polypep- 
tic chain so that the active site of carboxylase specifi- 
cally recognizes the unmodified Gla domain region 
and scans the domain modifying the twelve Glu resi- 
dues in die region to Gla residues."- 1 ' 

Recendy, a cDNA clone for membrane-integrated, 
vitamin K dependent y-glutamyl carboxylase was iso- 
lated." When expressed in COS-1 cells and CHO cells, 
this carboxylase can augment the in vitro y-carboxy- 
lase activity of microsomal preparations by 17- and 16- 
fold, respectively," agreeing reasonably well with the 
previous observation. 22 In contrast, transient co-trans- 
fection of the y- carboxylase expression vector into fac- 
tor IX-expressing CHO cells did not improve the 
specific procoagulant activity of secreted factor IX, 
suggesting that die y-carboxylation of factor IX is not 
limited by the expression of the vitamin K dependent 
y-carboxylation alone." 

Avery high expression of factor DC in hepatoma cells 
(> 100 /ig/ml medium) in culture results in a poor spe- 
cific activity (only 1.5%) of factor DC, apparendy due 
to poor y-carboxylation. 2 * When a relatively high level 
of recombinant factor DC (1-3 /ig/10* cells/day) is pro- 
duced by various heterologous cell lines such as BHK 
cells and CHO cells, its specific activity is also low, 
varying in a range of 25-70%." Furthermore, a signifi- 
cant fraction (20%) of factor DC secreted from CHO 
cells escapes aproper cleavage of propeptide, resulting 
in inactive factor DC molecules with the propeptide still 
attached." These data indicate that cultured cells such 
as BHK cells and CHO cells have mechanisms 
required for various co? and post-translational modifi- 
cations with rather low, limited capacities. 

Studies on the vitamin K dependent proteins have 
provided evidence of a specific biological role of pro- 
peptide in protein biosynthesis. The propeptide of von 
Willebrand factor has been shown to be required for 
multimerization of this protein, providing another 
function for such sequences. 1 '-" Interestingly, the pro- 
peptide (except the first Thr residue) and Gla domain 
of factor DC are coded by a second exon, suggesting 
that these two adjacent unique domains are evolution- 
ally one unit (Figure 2) .' Several mutant factor DC genes 
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containing mutations in the Gla domain, 30 - 11 such as fac- 
tor DCc^,,^ 52 which has its Glu27 replaced with Val, 
provide invaluable information on the structures 
required for the function of the Gla domain. The Gla 
domain binds calcium ions with a moderately low 
binding affinity (average K t - 0.8 fiM).** Binding of 
calcium ions to the Gla domain is required for its con- 
formational rearrangement from a disordered form to 
an ordered and organized form involving the epider- 
mal growth factor (EGF)-like domain. This confor- 
mational rearrangement is essential for factor IX to 
bind to negatively charged phospholipid vesicles pro- 
vided in vivo by activated platelets resulting in its local- 
ization and augmentation of activation. Recendy, the 
X-ray crystallographic structure of the Gla domain of 
prothrombin fragment 1 was determined."" 34 This 
structure shows that in the absence of calcium ions, 
most of the Gla domain (aa 1-35) is substantially dis- 
ordered. However, when the fragment 1 was crystal- 
lized in the presence of Ca*% the structure of the Gla 
domain was found to be well ordered, giving enough 
intensity of diffracted X-ray for a detailed analysis. 
This agrees well with the above observations obtained 
from experiments in solution. The Gla domain is com- 
posed of four separate short a-hetices. The Gla domain 
of prothrombin fragment 1 binds seven Ca" ions con- 
taining four trapped between two parallel structures 
formed of two segments including residues 7 and 8, and 
residues 20, 21, 27 and 30. All Gla residues found in 
prothrombin are also conserved in factor DC, suggest- 
ing the similar Ca 3+ binding may be expected for factor 
DC A mutadon (Gla27 replaced with Val) found in fac- 
tor DCct,^,, 51 therefore, apparendy disturbs* an 
imporantCa 2 * binding site in the Gla domain. Fur- 
thermore, mutagenesis analyses suggest that both 
Gla20 and Gla21 are required for maintenance of the 
structure recognized by factor XIa in activation, and 
that Gla21, but not Gla20, is also necessary for the cal- 
cium-dependent conformational change and endo- 
thelial binding of factor IX. 17 Factor IX, however, 
contains two more Gla residues (aa 36 and 40) which 
are not shared in prothrombin. Whether or not these 
are also involved in extra Ca 2 * ion binding is not 
known. Binding of human factor DC to endothelial cells 
requires a small region of the Gla domain spanning 
residues 3-1 1.» 

Two EGF domains in factor DC do not have any 
growth factor-like activity" and may have confor- 
mations of antiparallel pleated sheets as shown for 
factor X* Only the first epidermal growth factor- 
like domain contains a high-affmity calcium bind- 
ing site." 14 ' Binding calcium ion to this domain is 
essential to initiate conformational rearrangements 
involving the Gla domain.^' The first EGF domain 
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(NHj-terminal domain, corresponding to aa 47 
through 84) undergoes at least three types of post- 
translational modifications. These include erythro-/?- 
hydroxylation of Asp64,« O-glycosidically linked di- 
or trisaccharide (D-Xylpal-3-D-Glcbl-0-Ser53, or 
one more D-Xyl extension) in human or bovine factor 
IX, respectively, 41 and three disulphide bond forma- 
tions. /3-Hydroxylation of Asp64 forming j8-hydrox- 
yaspartate (Hya), which is catalysed by a 2-oxo- 
glutarate-dependent dioxygenase in liver microsomes, 
is only partial in factor EX (~30% complete). This is 
markedly different from other proteins such as factor 
X which undergoes a complete modification at this site. 
Dioxygenase does not require vitamin K for its 
activity, and /8-hydroxylation is a reaction indepen- 
dent of y-carboxylation. 44 By using inhibitors that 
block aspartyl 0-hydroxylation of recombinant 
human factor IX, the Hya residue in factor IX was 
demonstrated to be non-essential for factor DC func- 
tion as well as for binding to endothelial cells. 

By a series of intrinsic protein fluorescent studies 
with various portions of factor IX, the first EGF 
domain was further studied for its high-affinity cal- 
cium binding site(s) (half saturation at ~40/iM 
Ca J *). >w This site is present independent of the state of 
carboxylation of the Gla domain. When Asp64 is not 
0-hydroxylated, the EGF domain still maintains a 
high-affinity Ca 1 * binding site, although with 
K t = 200-300 fiM. Calcium ion binding at the high 
affinity site in the first EGF domain appears to induce 
significant conformational changes in factor IX that are 
detected by changes in intrinsic protein fluorescence, 
higher resistance to Lys endopeptidase and less accessi- 
bility to disulphide bonds by reducing agents. Binding 
of Ca J+ to the Gla domain, which has about ten-fold 
lower affinity for Ca" compared with the high affinity 
site in the first EGF domain, is required to complete 
the conformational rearrangement involving Gla and 
EGF domains. This rearrangement is necessary for fac- 
tor IX to bind to the membrane surface. As shown for 
protein C," the EGF domain may also affect the con- 
formation and activity of the catalytic subunit of factor 
DC. In addition to the part of Gla domain sequence 
(residues 3-11 and 21), M the first EGF domain may be 
involved in the binding of factor DC to endothelial cells 
with a high affinity (K t - ~2 fiM). }V * The importance 
of the first EGF domain for factor DC function is sup- 
ported by the detrimental effects of many mutations 
found in this domain,* 4 " such as factor tX^^, con- 
taining Asp47 replaced with Gly (10% of the normal 
factor DC activity), 4 * factor DC N<W containing 
Gln30 replaced with Pro (< 1% activity), 4 ' and factor 
D^HaUy-Mxi containing Pro55 replaced with Ala (11% 
activity).*" Interestingly, once activated, factor DC New 
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lMim shows about 17% of normal activity which is 
comparable with other abnormal factor DC with 
mutations in the first EGF domain. The delayed acti- ■ 
vation of factor DC N „ is in part responsible for its 
lowered activity. The replacement of Gln50 with Pro 
may also disrupt factor VIII binding, as observed for 
factor DCyu,^ which shows a reduced effect of factor 
VIII on activation of factor X by factor DC. 4 * Replace- 
ment of Pro55 with Ala in factor DC Ho iiyw»a wzs specu- 
lated to disrupt a j8-turn structure required for the 
putative antiparallel /3-sheet conformation of this 
domain. 4 * 

By swapping domains, Lin et al* found that the first 
EGF domain of factor X can functionally replace that 
of factor DC, but the second (COOH-terminal side) 
EGF domain of factor X cannot assume the function of 
the counterpart of factor DC. These data together with 
those mentioned above suggest that the first EGF 
domain may function as a scaffold for holding the Gla 
region in Ca'Mnduced conformational rearrange- 
ments. 54 The second EGF domain of factor DC was also 
suggested to be involved in interaction with factor 
VIII. 4 * This is further supported by a mutant protein 
which has a replacement of Asn92 with His in the 
second EGF domain. 90 Hertzberg et aL K reported that 
the second EGF domain and the protease domain of 
factor Xa in a chimera with the factor DC arnino-ter- 
minal half including signal peptide, propeptide, Gla 
domain and the first EGF domain are sufficient to 
interact with factor Va. More recently, the first EGF 
domain was found to be required for factor IX acti- 
vation by factor Vila-tissue factor pathway, but not by 
the factor IXa pathway. It is also essential for optimal 
activation of factor X by factor DCa/f actor Vllla/phosS' 
pholipid complex, but for neither phospholipid nor 
factor Villa binding to factor DCa (P. Bajaj, personal 
communication). 

Most information on the structure-function 
relationship of the rest of the factor DC molecule, 
including the protease domain (catalytic subunit), has 
come from analysis of a large number of natural 
mutations, particularly missense mutations, which are 
distributed throughout the molecule. 50 The COOH- 
terminal side of the second EGF domain is connected 
to a linking region (aa 129-145). This short sequence is 
not clear except for Cysl32 which is involved in a di- 
sulphide bond with Cys239 of the heavy chain, and 
Argl45 which is involved in one of the two proteolytic 
cleavage sites for activation of factor DC. M Mutant fac- 
tor DC molecules with Cysl32 replaced with Arg (fac- 
tor DC D<b ,) 5<l and Argl45 replaced with Cys (factor 
IXckUB and others) 55 or His (factor DC^^ m and 
others) 52 support the importance of these residues. 
During proteolytic activation, cleavages of two peptide 
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bonds, one between Argl45 and Alal46 and the other 
between Argl80 and Vail 81, release an activation pep- 
tide of 35 amino acid residues.* 4 Structural require- 
ments for the activation peptide appear not to be 
stringent except the immediate neighbouring 
sequences of the proteolytic cleavage sites which are 
involved in specific interactions with the activating 
enzyme. Absence of missense mutations, except the 
above-mentioned, in the regions of the linking and 
activation peptide, agrees with the notion that these 
regions function as spacers and are generally permiss- 
ive for various amino acid sequence changes. 

Mutations found in the catalytic subunit are also 
distributed throughout the domain. Mutations in some 
regions of the catalytic subunit, such as Pro287 
replaced with Leu, Ala291 replaced with Pro, and 
Thr296 replaced with Met, apparendy destabilize the 
protein or are detrimental for protein secretion, result- 
ing in low-antigen, low-activity type variants."'" 
Mutations in the highly conserved areas such as 
Gly363 to Val, Pro368 to Thr or Gly367 to Arg in the 
immediate neighbourhood of the active site residue 
(Ser365) cause a severe disorder, suggesting that these 
sequences are essential for keeping the active site struc- 
ture functional. For example, factor IX EH , e ^ which 
has Val instead of Gly363, is apparently as stable as the 
normal factor IX, but cannot form a correct active site 
conformation because of the side chain of Val." 

Haemophilia Bm phenotype is characterized by its 
prolonged partial thromboplastin time and prothrom- 
bin time with ox (but not human) brain tissue factor, 5 * 
and has mutations in the two distinct regions, an acti- 
vation site area (Argl80-182) and another area (resi- 
dues 390-397). 1 *" These mutant factor IX proteins 
likely interfere with the proper binding of factor VII 
(or Vila) to the bovine tissue factor. 

A large number of amino acid residues (about 60% 



of the factor IX sequence) apparendy serve just as 
spacer sequences to maintain the overall factor IX pro- 
tein structure, and are replaceable with most other 
amino acid residues with different side chains without 
resulting in haemophilia B. 57 

More recendy, a high affinity Ca 2+ binding site 
(Xj = ~5Q0/xM) in the catalytic subunit was reported 
to be possibly involved in binding of factor IXa to 
factor VTII." Carbohydrate chains attached to factor 
IX may play an important role in activation or function 
of factor IX as observed for factor X." 

Structure of factor IX gene 

Complementary DNA and gene of human factor IX 
were cloned and their complete nucleotide sequences 
haVe been drtenruned.*- 9 '* 0 The nucleotide numbering 
originally employed for the complete contiguous 
sequence* has become the standard system for the gene 
and is used in this article. Factor IX is composed of 
eight exons in a span of about 34 kilobase (kb) pairs 
(Figure 3).' The size of the gene, however, may be as 
large as 40 kb depending on unidentified regulatory 
elements located in the 5' and/or 3 ' flanking sequences. 
The factor IX gene is located on the X-chromosome at 
q27 in an order of centromere — HPRT at q26 — FIX at 
q27.1— fragile site at q27.3 — Factor VIII site at 
q28 — telomere.* 1 -" 

Bottema et aL" reported that the G + C content of 
the factor DC gene (40% ) which is in general agreement 
with that of mammalian genomes cannot be explained 
by C to T or G to A transition alone at the CpG sites. 
The mutation rate at CpQ sites is elevated about 24- 
and 7.7-fold relative to other transitions^and transver- 
sions, respectively. Given the enhanced mutation rates 
at CpG, two-fold and three-fold mutational enhance- 
ment for transitions and transversions, respectively, at 



Gene: s' 




Protein: 




COOH 



Figure 3. Organization of the human factor IX gene and domain structures of factor IX molecule. Exons are shown as solid vertical bars with 
eaon numbers. S, P, Gla, H, EGF, L and AP represent signal peptide, propeptide, Gla domain, hydrophobic sequence, EGF-like domain, link 
sequence and activation peptide, respectively. Corresponding exons and domains are shown by linej. Numbers below domain structures 
indicate corresponding amino acid (aa) residue numbers. 
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Figure 4. Companion of gene organization! for factor IX (FIX), 
factor X (FX), factor VII (FVII), protein C (PC), and prothrombin 
(PI}. F.xons are depicted by solid vertical bars. Corresponding exoni 
are ihown by thin linei. Modified from Kurachi and Chen." 

non-CpG sites would be sufficient to produce the low 
G + C content of the factor DC gene. The G + C con- 
tent in some other genes such as the protein C gene 
(over 50% ) is significantly higher than that of the factor 
DC gene. Although the precise reason for this difference 
is not known, speculated reasonings may include that 
the specific location of each gene in chromatin which 
may vary in their susceptibility to base changes and/or 
the evolutional pressure to minimize the number of 
mutations in some crucial genes maintaining any func- 
tional changes at minimum. 

The exon-intron organization including splicing 
phases of the factor DC gene are surprisingly similar to 
several other vitamin K dependent coagulation factors, 
indicating a typical divergent evolution involving a 
large number of point and minor mutations after exon 
shuffling events.' The overall sizes vary largely among 
these homologous genes due to different sizes of corre- 
sponding introns (Figure 4). Sizes of these genes range 
from 11 kb for the protein C gene 45 to 34 kb for the 
factor DC gene. 9 Protein S" and prothrombin* 7 have 
only the first three exons homologous to factor DC. 
These exons encode its prepro leader sequence, Gla 
domain and a short hydrophobic sequence, but the rest 
of the molecules have grossly different structures. Pro- 
thrombin has two kr ingles and a protease domain with 
different exon-intron organization, while protein S has 
four EGF domains followed by a domain similar to 
steroid hormone binding protein. Protein Z has a simi- 
lar organization to factor DC and other closely related 
factors, although it lacks two crucial amino acid resi- 
dues required for the protease active site formation and 
docs not have protease activity. 4 * 69 The number of 
introns and splicing phases in the catalytic domain of 
factor IX is identical to those of the genes for factor X, 70 
factor VII 71 and protein C, 45 but distinctly different 
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from those for prothrombin which has more introns in 
the domain. 

Eight exons of the factor DC gene encode distinct ■ 
domain structures (Figures 2 and 3). The 5' end 
untranslated (UT) sequence and the signal peptide are 
encoded by the first exon. The entire propeptide 
(except the first Thr residue at - 18 which is coded by 
the first exon) and Gla domain are encoded as one 
genetic unit by the second exon corresponding to their 
coordinated functions in the vitamin K dependent 
y-carboxylation of glutamic acid residues in the Gla 
domain.* Other introns are also present at positions 
separating various unique domains. 

Currently, more than ten polymorphic sites have 
been identified in or near the human factor DC gene 
(Table 1). Most of these are identified as changes in 
restriction sites including Bam HI site in the 5' 
immediate flanking region (nucleotide sequence: C or 
T), 71 Hinf 1/ Dde I site in a 50 bp AT-rich insert in the 
first intron," Xmn I in the third intron (G or C)," Taq I 
site in the fourth intron (C or T), 74 and Mnl I site in the 
sixth intron (originally identified as Thr/Ala dimor- 
phism at aa 1 48)." A highly polymorphic site (A > G) 
in Japanese population was found in the first intron." 
An intragenic Bam HI polymorphic site located at 
-500 bp 5' to the Xmn I polymorphic site in intron 3 in 
about 50% of the African American population, 77 Msp 
I polymorphism in strong disequilibrium with the Taq 
I polymorphism in the fourth intron was also 
reported. 7 * Most intragenic polymorphic sites are in 
strong linkage disequilibrium, and these polymorphic 
alleles co-segregate in 70-80% of Caucasian factor DC 
genes. The Bam HI polymorphic site in the 5' end 
region and Hha I polymorphism found at 8 kb down- 
stream in the 3' flanking sequence 79 * 1 are in equilib- 
rium. Extragenic polymorphic Sst I site (detected with 
DXS99) and Taq I site (detected with DXS102) in the 5' 
upstream flanking sequence and the factor DC gene 
may have a 3-5% chance of recombination due to 
cross-over events in meioses. ,1,u Linkage disequilib- 
rium among the intragenic polymorphic sites and the 
possibility of recombination for the extragenic sites 
significantly hamper the usage of these for. carrier 
detection and prenatal diagnosis. The overall useful- 
ness of these polymorphisms in carrier detection is 
about 90% for whites and blacks. Frequencies of these 
polymorphisms vary largely among ethnic groups." 
Except for the A/G polymorphic site in the first 
intron, 74 all intragenic restriction fragment-length 
polymorphisms which are present in Caucasians and 
African Americans are absent or extremely rare in 
Asians." 

Besides the polymorphic AT-rich sequence in the 
first intron, tandem purine and pyrimidine dinucleo- 
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Table 1. Allole frequencies of polymorphisms of human factor IX gene in various population** 



Restriction Position Allele Caucasian African American 



enzymes 




(kb) 


Naof 
chromosomes 


Frequency 


No. of 
chromosomes 


Frequency 


Naof 
chromosomes 


Frequency 




5' extragenic 


6 


76 


0.48 


38 


0.53 


03 


ft c 

0.5 




9 


81 


0,52 


34 


0.47 


63 


0.5 


Taql 


5' extragenic 


10 


18 


0.90 












U 


2 


0.10 










Am HI 


5' extragenic 


25 


90 


0.94 


50 


0.64 


100 


1.0 




23 


6 


0.06 


28 


0.36 


0 


0.0 


Hinfl/Ddel 


nitron 1 


1.75 


10 


Oil 


14 


0.36 


0 


0.0 






170 


36 


0.79 


26 


0.64 


30 


1.0 


Asm HP 


introni 


11 


32 


1,0 


11 


032 










13 


0 


0.0 


10 


0.48 






Xmn I 


intron3 


11.5 


42 


0.7 


12 


1.0 


76 
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'The d«M summarized is this table is a composite of data reported in papers including Hay et aL, n Winship et aL ," Camerino et aL DriscoU 
tt aL," Reiner « * Mulligan it uL, n Hofker tt aL," Kurachi it aL," Sarkar it aL" and personal communications (S.-H. Chen). 

* This 2nd Bam HI site is located at 50Obp 5' to the Xmn I polymorphic site and was detected by a Bam HVSph I digest. 

* This is known as Thr/Ala-1 48 dimorphism which codes either for Thr or Ala. 

* Allele It (GI%ATGC(GT%AG(AC) 4 GCAT(AC)i! Allele II, (GTJ.TGQGD^AO.GCAKACfe Allele HI, (GT),ATGC(GT) 4 
AGCAO.GCATCAC),. 



tide repeats which are polymorphic in most human 
races are also present in the 3' UT sequence in the form 
of four different alleles.* 4 These polymorphisms 
further improve carrier determination and prenatal 
diagnosis of haemophilia B. 

The human factor DC gene contains many repetitive 
sequences such as Alu sequence and long interspersed 
element (Kpn I repetitive sequence, abbreviated as 
Line-1 or L-l). Five Alu sequences are present in 
introns and in the 3' end immediate flanking region, 
while two Line-1 sequences, one partial element and 
one 6.1 kb complete element, are present in the fourth 
imron and in the 5' flanking region, respectively.' 
Novel, short, interspersed repeat sequence (Ano) is 
also present in the first introa" 

Abnormal factor DC genes 

To date, more than 600 haemophilia B patients have 
been studied for molecular defects in their factor IX 
genes. 10 Of 574 patient entries in the 1992 database 



(Third edition), 278 (48%) are unique and the rest are 
repeats which may be due to independent mutations or 
founder effects. 

Mechanisms of mutation found in haemophilia B 
genes are highly heterogeneous, including at least 29 
cases of complete or partial gene deletions or more 
complicated gene rearrangements, 50 short (less than 
20 nucleotide) deletions or insertions or both, and a 
large number of single-base mutations which include 
524 cases of missense, nonsense mutations, and 
mutations at splice sites as well as in the 5' UTR and 
flanking sequence. wt Gross and relatively large gene 
deletions, insertions and rearrangements, which can be 
rapidly detected by Southern blot analysis or polyme- 
rase chain reaction (PCR) as missing or rearranged 
DNA fragments, account for only about 4% of all 
mutations. Some of the gross gene deletions may be 
parts of much larger deletions which may span more 
than 500 kb in size. 11 All patients with gross gene dele- 
tions are severely affected. However, only two-thirds 
of those patients have developed aUoantibodies 
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(inhibitors) against human factor IX infused during 
replacement therapy. Some patients with detectable 
factor IX antigens also develop alloantibody. These 
observations indicate that the development of inhibi- 
tors against the normal factor IX infused in the protein 
replacement therapy is primarily due to secondary fac- 
tors such as treatment regimens and/or polymor- 
phisms in the immune response system of individuals, 
but is not simply due to missing the entire factor IX 
antigen or to specific epitopes resulting from gross or 
partial gene deletions. 

No obvious hot spots for deletion breaking points 
have been observed. However, factor IX,,,^ , which 
has about a 1 0 kb deletion spanning introns 4 through 6 
has been shown to involve the 14 bp sequence 
(TAGAAGTTCACTT) duplicated 10 kb apart in 
introns 4 and 6.** In some cases, well-known repetitive 
sequences such as Alu sequences (highly abundant 
repetitive sequence of about 300 bp in length) are 
apparently involved. 17 An interesting mutant gene with 
an insertion is factor EX H sj^." This has an insertion 
of about 6kb extra sequence (which is likely an L-l 
element) in the fourth intron within the 0.8 kb which 
spans between the 3 ' end of exon 4 and the first Eco Rl 
site in this intron. Whether or not the insert sequence is 
directly responsible for this haemophilia B is yet to be 
determined. Line-1 element has a complete transcrip- 
tional unit with two open reading frames including 
retroviral reverse transcriptase-like sequence.** Line-1 
insertion in exon 14 of the factor VIII gene has been 
reported as a novel mutational mechanism." Line-1 
sequence inserted in an intron may possibly generate 
an extra splicing set of sequences causing abnormal 
processing of the factor VIII gene in a mild haemo- 
philiac' 0 Otherwise, Line-1 element insertion in 
introns may not be deleterious, and haemophilia in this 
type of kindred is incidental, probably due to an 
unidentified second mutation somewhere else in the 
gene. 

About 40 mutant factor IX genes with small dele- 
tions such as one, two, three, four, seven and more than 
13 bases in size have been found distributed in exons as 
well as in introns.w N 0 specific hot spots for these 
small deletion mutations have been observed. Point 
mutations found in abnormal factor IX genes are 
distributed throughout the factor IX molecule, sug- 
gesting that the entire structure of the factor IX protein 
is highly optimized and that almost every part of the 
molecule is essential for maintaining its overall struc- 
ture and/or specific function. A large part of the 
sequence is estimated to serve as spacers for maintain- 
ing the overall globular structure, as mentioned 
above.' 7 This may be different from factor VIII with its 
dispensable, large central B domain. Currently, no 
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function, other than its function as a large spacer (acti- 
vation peptide), has been identified for the B domain of 
factor VHI."' M 

Missense mutations account for the majority (70%) 
of the point mutations in abnormal factor IX genes, 
while nonsense mutations account for about 16%. M 
These mutations, particularly missense mutations in 
factor FX genes, result in subtle changes of factor IX 
structure causing a wide spectrum of clinical severity 
and providing us with insights into the structure-func- 
tion relationship of factor DC Because of its relatively 
small size, availability of a large number of mutant 
genes with missense mutations and the complete gene 
structure, factor IX may be the most amenable protein 
among all coagulation factors for the exhaustive study 
of structure-function relationships. 

Mechanisms responsible for the point mutations 
found in the factor IX gene are highly heterogeneous. 
Among them, CpG dinucleotide sequence has been 
clearly recognized as a mutational hot spot wl Eight- 
een (or 36 for the double strands of DNA) CpG 
sequences are present in the coding region, which is 
only a quarter of the possible random dinucleotide 
sequences. Endogenous methylase converts some of 
deoxycytidine of the CpG sequences to 5-methyldeox- 
ycytidine which is then spontaneously converted to 
deoxythymidine by deamination. Because no cellular 
repair mechanisms are present for this conversion, the 
rate of mutation at CpG in factor DC genes is elevated at 
least 24-fold and 7.7-fold for transition and transver- 
sion, respectively, over the other random mutations at 
non-CpG sequences. M,9 '' M Interestingly, the lack of 
repair mechanism for this alone cannot account for the 
reduced frequency of GpG sequences in the gene." 
About 45% of all unique point mutations found in fac- 
tor DC genes are due to mutations at CpG sites. Some of 
these mutations observed may be due to founder 
effects. Data obtained on factor DC genes agree well 
with those for other genes such as the factor VIII 
gene.'' Twelve CpG sites in the factor DC gene have 
base mutations once or multiple times. Mutations at 
CpG sites such as Thr296 replaced with Met are dupli- 
cated in unrelated families., further supporting these 
CpG sites as hot spots." Some CpG sites do not have 
any mutations reported. The underlying mechanism 
for this is not known. It is possible, however, that these 
CpG sites are somehow inaccessible to methylase in 
the chromatin structure. Multiple different mutations 
at the same nucleotide sequences of CpG or at non- 
CpG sites have also occurred. W1 Some examples 
include replacements of nt -6G (5 ' UTR) by A or C, nt 
+ 13A (5' UTR) by G or C, or deletion, nt 6 365G in a 
codon for Arg-4 by T or A, nt 6 704T (splice site) by G 
or C, nt 10419G in a codon for Cys56 by C or A, 
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20524G in a codon for Vall82 by C or T, nt 20566G 
(splice site) by T or A, nt 30 992G in a codon for Ala29 1 
by C or A and nt 3 1 290C in a codon for Ala390 by T or 
A. These data further support the concept that the 
mechanisms responsible for the mutations are highly 
heterogeneous, and demonstrate that the factor IX 
structure has been extensively tested and refined by 
mutational events in the process of evolution. 

An interesting case of somatic mosaicism of abnor- 
mal factor IX with a mutation (Cys350 to Ser due to G 
to C change) has been reported.* 7 In a family affected 
with haemophilia B, a male member was very mildly 
affected (35% factor IX activity with 45% antigen level 
of normal). In this haemophilia B kindred, the two 
female members (daughter and granddaughter of the 
affected male) were moderately affected (3% activity 
and 4% antigen of the normal factor IX level). Factor X 
and factor VII levels as well as prothrombin time were 
normal. Among somatic tissues of the affected male 
analysed, about 10% of the total cells of both leuco- 
cytes and liver have the normal gene while about 90% 
of the cells have the mutant gene. However, the cells of 
kidney and smooth muscle have both normal and 
mutant genes about equally. These results indicate a 
somatic mosaicism, probably due to a replication or 
post-replication repair error during the first mitotic 
divisions in the zygote preceding implantation, or a 
half-chromatid mutation generated during meiosis 



100- 



that was not corrected before fertilization. In the leu- 
cocytes of the two female patients, both normal and 
mutant genes are present in an equal amount. These 
data suggest a possibility that not only liver but also 
leucocytes are of endoderm origin, which is contrary to 
the commonly held mesodermal origin for leucocytes. 
A rare case of severe haemophilia B in a girl due to non- 
random inactivation of a normal factor IX gene has also 
been reported." 

A class of abnormal genes which have mutations in 
the Leyden-specific region (LS-region, arbitrarily 
defined as a region from about nt -40 to +20) belong 
to the haemophilia B-Leyden phenotype, which shows 
a unique delay of the factor IX expression until the 
onset of puberty. Eighteen mutations have been found 
in the 5 ' end region of the factor IX gene. Among these, 
one is located at nt -793 in the 5' upstream, and the rest 
(17 mutations found) account for twelve unique 
mutations in the LS-region. Eleven of these mutations 
result in the Leyden phenotype. 

Regulation of the factor IX gene 
expression 

The factor IX gene is expressed in liver with a high tis- 
sue specificity." Illegitimate expression in other tissues 
is also observed. 1 ™ 

During most of the gestational period, the factor IX 
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Figure 5. Steady-sttte liver mRNA levels for mouse factor IX at various developmental stages. Factor IX mRNA levels 
(solid dots) are shown as percentages of that of the adult. Vertical bars with short horizontal bars indicate standard errors 
(»: 6-8). The inset picture shows the results of Northern blot analysis of poly(A)«RNA prepared from NIH/3T3 cells 
(lane 1) and mouse liver (lane 2). The numbers on the right indicate the sizes of the estimated transcripts. Taken from Yao 
er al. m with permission. 
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Figure 6. Analysis of the 5' end flunking sequence of the factor IX gene for promoter activity. Expression activities of 
CAT construct* containing various portions of the 5' end flanking. sequence were assayed in HepG2 cells and Hepl-6 
cells," The 5' end sequence of the factor IX gene is shown with solid lines with the CAT gene shown as an open box at the 
3' end. CAT activities relative to that of p-416/4CAT are shown in percentages. The thin lines connected in the middle 
indicate deleted areas. The 3' and 3' ends of the factor DC gene sequence contained in each CAT construct are shown by 
two numbers separated by a slash in the labelling*.' p-416/29CAT, which contains a factor DC sequence extended to nt 
+29 at the 3' end, shows identical expression activity to that of p-41674CAT. Deletions of the 3' end sequence from nt 
+29 up to -2 in p-41«/29CATdld not effect expression activities of CAT constructs. However, further deletions beyond 
nt —3 position dramatically reduced the activity. 



gene is expressed only at a low level (3-5% of the adult 
level) until the late stage of the third trimester. This was 
shown for humans, with limited data, ,M or lamb 1M and 
more completely for mice."" The developmental time 
curve of expression of the factor DC gene in mouse liver 
shows an induction of a high-level expression of the 
factor DC gene on day 18 of gestation (late stage of the 
third trimester) (Figure 5). The increased expression of 
the gene continues through birth followed by a rather 
gradual increase until reaching the adult level at wean- 
ing (20-24 days of age). At birth, the factor IX mRNA 
level is only 43 % of the adult level, and the plasma fac- 
tor DC activity level agrees well with the mRNA level. 
These results agree well with the limited data available 
on humans. ,04 - ,ia The low level of factor DC mRNA at 
birth may be responsible in part for haemorrhagic dis- 
orders in pre-term or term neonates. This condition, 



however, may be aggravated by generally poor vitamin 
K synthesis in neonates and, furthermore, if antibiotics 
or vitamin K analogues such as warfarin are given to the 
mother during the prenatal stage. 104 Other pathological 
conditions such as diarrhoea and cystic fibrosis also 
lower the vitamin K level, resulting in secondary hae- 
morrhagic diseases. 107 

As in any other gene, the 5' end region of the factor 
DC gene contains various short sequences which func- 
tion as cw-acting elements in its regulation." Systematic 
analyses of these elements in the 5' end region have 
been carried out with expression vector constructs 
containing variously deleted 5 ' end region of the factor 
DC gene ligated to chloramphenicol acetyltransferase 
(CAT) gene as a reporter (Figure 6)." The schematic, 
drawing of the overall organization of the major func- 
tional elements identified is shown in Figure 7. The 
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Figure 7. Locatioiu of major functional element* in the 5' end 
region of the factor DC gene. Nucleotide numbering lyitem i$ from 
Yoahitake et al. f The nucleotide sequence of the silencer ii of the 
complementary strand. 



fundamental elements necessary for a high-level 
expression of the factor IX gene are contained in 
approximately the first 300 bp sequences of the 5' end 
region (Figure 7). As more 5' upstream sequences 
beyond nt -400 region are included into the CAT con- 
structs, lower expression activities are observed (Fig- 
ure 6). The sequence including up to about nt -1900 
shows only a low-level activity (16% of the construct 
with a sequence up to nt -41 6). Even lower expression 
(less than 3%) is observed when the 5' upstream 



sequence up to — 6.9 kb is included in the expression 
vector. The factor DC gene does not have a typical 
TATA sequence in the 5 ' end flanking sequence. How- 
ever, according to the functional analysis data, 
sequences TCAAAT starting at nt -187 and AGC- 
CACT starting at nt -238 have been tentatively ident- 
ified as functional TATA box and CCAAT box, 
respectively. AGCCACT agrees well with the consen- 
sus CCAAT sequence."* 

The locations of fundamental transcriptional 
elements of the factor IX gene agree well with the tran- 
scriptional start site placed in the region of nt - 150 for 
CAT constructs" which was revised from the previ- 
ously assigned site (+1 site)."*" 0 The primary tran- 
scription start site in liver was determined to be at nt 
-176 in the 5' upstream by primer extension and 
DNase I protection analyses with high-quality poly 
(A)*RNA preparations of human livers." ,,m Reverse 
transcription-mediated PCR with primers at or down- 
stream of nt —176, but not with one at nt -300 region 
where no signals for transcription initiation were 
observed, can amplify products, further supporting the 



-300 CATTGCTCTCTGACAAAGATACGGTGGGTCCCACTGATGAACTGTGCTGC 



-250 CACAGTAAATGT AGCCACT AT6CCTATCTCC ATTCT6AAGAT6T6TCAC T 
CCAAT box C/gBP 

OBP 

-200 TCCTGTTTCAGACTCAAATCAGCCACAGTGGCAGAAGCCCACGAAATCAG 

TATA bOX 

-150 AGGTGAAATTTAATAATGACCACTGCCCATTCTCTTCACTTGTCCCAAGA 



•100 G GCCATTGGAAATAGTCCAAAGACC CATTGAG GGAGATGGACATTATTTC 
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c G A/C A/C T 
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Figure 8, The nucleotide sequence of the 5' end region (300 bp) with various elements. The numbers on the left indicate the old nucleotide 
numbering.'The revised primary transcription start site in liver is shown with an asterisk. Part of the signal peptide starting with the first Met 
residue at aa —46 is shown at the bottom line. Solid underlines indicate protein binding regions. Dotted underlines indicate tentatively identified 
functional CCAAT and TATA boxes. The LS-region is arbitrarily defined as the region roughly spanning nt -40 to +20. Mutations found in 
haemophilia B l<rta genes at nt -20, -6, -5, +6, +8 and +13 are shown with short verricai bars with mutant sequences above the LS-region. The 
mutation at nt -26 (G to C change) does not show a Leyden phenotypc. 
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initiation site in liver. A dog factor IX cDNA which 
has the 5' extension at least up to - 179 is also in good 
agreement with the revised 5 ' upstream start site for the 
human gene. 1 " The previously observed transcription 
initiation site ( + 1 ) is likely a secondary start site in liver 
or an artifact, probably due to poor quality of the RNA 
preparations used. The site, which is located in the 
middle of a region designated as LS-region, could be in 
a unique secondary structure which makes factor IX 
mRNA highly susceptible to degradation at this site. 
Crossley and Brownlee" 4 -"* reported functional analy- 
ses of the 5' end promoter region for transcriptional 
activity using a CAT construct containing a 5' end 
sequence up to nt —189 as a control for the full CAT 
activity. This construct, which contains the factor IX 
sequence up to nt - 1 89, however, has only about 15% 
of the optimal constructs which contain a 5' sequence 
up to nt -300." 

Structural elements homologous to the known liver- 
specific enhancers are also present in the 5' end pro- 
moter region. These include TGGACC (partial LF-A1 
o r HNF-4 element) at nt -359 in sense strand and 
CTITGGACT (PRI element) at nt -79 in anrisense 
strand, which are also present in other genes such as 
a,-antitrypsin, transferrin and antitbxombin III 
g enes.* The region, nt -76 through -99, containing 
CTITGGACT has been reported to bind NF-1' M 
which is originally identified as a liver-specific 
enhancer protein." 4 -" 7 

Several negative regulatory elements (silencers) 
which are identical or similar to those found in other 
genes are present in the region of about nt -700 
through -2000. These elements are responsible for the 
activity reduction observed for CAT constructs which 
contain various portions of sequence in this region." 
Among them, a sequence spanning -1.4 kb to -1.7 kb 
contains two sequence elements, ATCCTCTCC start- 
ing at nt - 1680 and CAATGGTT at nt - 1621, which 
are similar to the well-characterized consensus silencer 
elements (negative regulatory elements).*'" When a 
sequence containing these elements was placed down- 
stream of a CAT gene at the Bam HI site in p-416/ 
+4CAT which contains the factor IX promoter 
sequence (nt +4 through —416), both orientations of 
this sequence (sense and reverse orientation) reduced 
the expression activity to 21-26% of p-416/+4CAT. H 
These results indicate that silencer elements in the 
region are actually functional in the factor IX gene. 
More silencer-like elements found in the 5' end region 
include ACCTATGGAA starting at nt -726, 
CTGAATGGCT at nt -793 and CAATGACT at nt 
-1467. Interestingly, a very strong promoter activity 
in a reverse direction is present in a region spanning nt 
-700 to - 750- w The sequence elements responsible for 
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this reverse direction promoter are currently not 
known. No retroviral LTR-like sequences are present 
in this region. The presence of the reverse promoter 
region appears to coincide with a significant reduction 
(60-70%) of the normal expression activity of the fac- 
tor IX gene (Figure 6).*» 

Important information on the regulation of the fac- 
tor IX gene has also been obtained from transgenic 
mice experiments. Jallat et aL" 9 have recently con- 
structed transgenic mice carrying factor IX minigenes 
with the 5 kb sequence of the 5' end immediate flanking 
region containing the promoter elements in addition to 
all the silencer elements detected in the in vitro assay 
and variously shortened intron sequences. Their 
results have clearly indicated that the liver-specific 
high expression of the factor IX gene can be achieved 
by various constructs with the 5kb 5' end flanking 
sequence as the promoter and the partial sequence of 
the first intron. A factor IX cDNA construct (contain- 
ing no intron sequences) with the same 5kb sequence 
of the 5' end flanking region shows only a background 
level expression in transgenic mice. These observations 
strongly suggest.that at least one intron as a set of splic- 
ing sequences or a putative enhancer elements) which 
may be present in the first intron must be responsible 
for obviating the silencer activity in the 5' end 
upstream sequence. 

The data obtained from both in vitro and m vivo 
experiments indicate several important points, includ- 
ing: (i) high-level expression of the factor IX gene can 
be achieved by the elements contained within the 
sequence up to about nt —300, (ii) this expression 
acovity is efficiendy suppressed by multiple silencers *. 
present in the 5' upstream region, and (iii) the reduced 
activity may be restored to a high level m vivo in the 
presence of the first intron partial sequence. The obvi- 
ation of the silencer activity in the 5' upstream 
sequence by the first intron sequence, therefore, 
appears to be a key mechanism underlying the overall 
regulation of the factor IX gene. 

Important observations regarding the developmen- 
tal regulation of the factor IX gene have been obtained 
from a unique class of haemophilia B, haemophilia 
B-Leyden."*-' 22 While the normal factor IX gene is 
induced for its high-level expression at the perinatal 
stage,'" Leyden phenotype factor IX genes are not 
expressed or not induced for their high expression until 
the onset of puberty. Eleven unique single-base 
mutations so far found in haemophilia B-Leyden fam- 
ilies includent -21(T to G), -20(T to A or C), -6(G to 
A or C), -5(A to T), +6(T to A), +8(T to Q and 
+13(A to G or C or deletion).*- 111 - 1 " Without any 
exceptions, all these mutations are contained in the LS- 
region (roughly from nt -40 to +20) in the 5' untrans- 
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Figure 9. Protein binding at the LS-region and its neighbouring region. The human factor IX sequence is shown by a thick solid line. Proteins 
which bind to the legion as evidenced by footprinting analyses are shown by circles. A circle with thin line indicate* the protein binding in the 
factor IX-Leyden gene with a mutation at nt -20. Numbers in circles indicate the nucleotide residue locations of the natural mutations found in 
the Leyden phenotype factor IX genes. Numbers below circles indicate actual sequence regions of footprints. Known proteins are also shown 
below the numbers. An arrow indicates the primary transcription site in liver. 



lated sequence of the factor IX gene (Figure 8). With 
the revised primary transcription initiation site of the 
factor IX gene,"- 1 " the LS-region is located -within the 
5' untranslated sequence. When mutations found at 
nt -20CT to A), -6(G to A) and + 13(A to G or dele- 
tion) were tested for their effects using CAT 
expression vectors, all mutant sequences substantially 
reduced the expression activity of these constructs to 
15-30% levels of the normal sequence, 11J • ,11 indicating 
the importance of these sequences for the factor IX 
activity. As found by DNase I footprinting analyses, 
the normal LS-region and its neighbouring region bind 
five proteins" 1 ' 150 (schematically shown in Figure 9). 
These include three apparently new proteins, shown as 
footprints FP-II, FP-III' and FP-IV," 1 - 130 in addition to 
recendy reported HNF-1, C/EBP and HNF-4. , * , » U » 
In the 5' side neighbouring region, NF-1 and an 
unidentified new protein bind at a region spanning nt 
-99 to —76, and at a region spanning nt -67 to —44 
(FP-IV), respectively. 00 Neither one of these new pro- 
teins is glucocorticoid receptor, nor androgen recep- 
tor."' 1 " Binding of C/EBP, which is present in most 
differentiated cells at significant levels, to a region 
spanning nt +3 to +19, is easily detected by both 
DNase 1 footprinting analysis and electrophoretic 
mobility shift analysis. 111 ' 114 ' 13 * Recently, the protein 
binding .to -20 region (FP-III, nt -17 to -27) was 
determined to be HNF-4, a protein of the 9teroid 
receptor superfarnily. 115 ' 15 ' HNF-4 binding to this 
region of the normal factor IX gene prohibits binding 
of another protein which binds to an overlapped 
androgen responsive element-like sequence (FP-III ', 
nt -36 to -22)." 1 - 150 This protein, however, can com- 
petitively bind to the region of the factor IX gene if the 
gene has a mutation at nt -20 which causes a gross 
decrease in the binding affinity of HNF-4 to the 
region. This mutation-dependent competition be- 
tween the two overlapped regions for protein binding 



was shown by both gel mobility shift assay and DNase 
I footprinting analysis." 1 - 150 The importance of HNF-4 
binding to the region and the unidentified protein 
which binds to FP-III' has been further supported by a 
drastic decrease in the expression activity of the factor 
DC gene with a mutation at nt -26. 1I! - ,W Although 
Crossley etal M reported that the protein which binds 
to the FP-III' region is androgen receptor (AR), careful 
protein binding analyses have shown that it is not 
androgen receptor, but an ubiquitous protein present 
in nuclear extracts of liver as well as cultured cells 
which are not only androgen receptor-positive, such as 
T47D, LNCaP and HepG2, but also androgen recep- 
tor-negative cells such as CV1 and COS cells." 1 '" 0 Glu- 
cocorticoid receptor does not bind to this region in 
good agreement with the results from the expression 
assay. When the Leyden phenotype mutations at nr 
+ 13, -6 or -20 are present in oligonucleotide- 
sequences (double-stranded form) used in the electro- 
phoretic mobility shift assay, the binding affinity of 
these proteins to the oligonucleotides is grossly 
decreased, agreeing well with reduced expression 
activities observed for the mutant sequences. 1 11>1M 
Interestingly, the 3' half of the LS-region, where 
C/EBP binds at + 13 subregion (FP-I), and the 5' half, 
where two proteins (HNF-4 and an unidentified pro- 
tein) bind in the region containing -20 and -6 sub- 
regions (FP-III and FP-II), apparendy function with 
little cooperation. m The 3' half, for instance, where 
C/EBP binds, may require a second unidentified 
element in the 5' upstream which is not included in the 
CAT construct used in the assay. In this regard, Pick- 
em etaL 131 recently reported that DBP interaction with 
C/EBP which binds at nt -202 to -219 region may 
synergistically confer its enhancer activity on a factor 
IX-Leyden gene and is responsible for the amelior- 
ation of haemophilia B-Leyden with a mutation at nt 
- 5. DBP is induced for its expression in adulthood, but 
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not in childhood. This is an attractive mechanism to 
explain, at least in part, the Leyden phenotype. How- 
ever, it has difficulties in explaining some important 
aspects of the Leyden phenotype. These include: (1) If 
DBP binding at the 5' upstream can override the 
defects in the LS-region, why does DBP not ameliorate 
the mutation at nt -26, which is in the LS-region, after 
puberty? (2) Why does the normal factor IX gene 
which has the normal LS-rcgion not significandy elev- 
ate its expression level after puberty as DBP increases 
its level? Whether or not DBP can selectively interact 
with any proteins, including C/EBP which binds at the 
3' half of the LS-region, is not known. 

The LS-region of the transcript of the factor IX gene 
may assume some secondary structures such as stem 
loop structures, albeit not extensive, as predicted from 
the sequence. 122 The functional significance of stem 
loop structures in the untranslated region of transcripts 
has been well documented for other genes such as Tar 
element in HIV-1 or iron responsive elements in ferri- 
tin and transferrin genes."*'" 4 A possible involvement 
of these unique structures of the LS-region in its func- 
tion remains to be determined. 

Development of alternative therapies for 
haemophilia B 

Currendy, haemophilia B is treated by plasma protein 
replacement therapy.'" This therapy is effective, but 
exposes patients to possible risks of serious side-effects 
and complications such as contracting blood-borne 
viruses including hepatitis and HIV-1 viruses, throm- 
bosis due to other coagulation factor contaminations, 
and inhibitor (alloantibody) development."* A large 
number of haemophilia patients (70-90%) who have 
received repeated plasma protein replacement therapy 
are already infected with HIV-1 viruses. In addition, 
frequent transfusions of factor IX preparation required 
in die therapy for severely affected patients are highly 
cosdy and significandy impair the quality of life of 
patients. 

Large-scale production of recombinant human fac- 
tor IX for safer protein replacement therapy by cul- 
tured mammalian cells is currendy hampered by 
complicated post-translational modifications, such as 
y-carboxylation, required for normal factor IX func- 
tion. 25 Poor efficiency of such modification by cultured 
cells has been a serious problem in producing in quan- 
tity recombinant factor DC with a high specific activity. 
Unexpectedly, compression of cloned -/-carboxylase 
and factor DC cDNA did not improve y-carboxyiation 
of recombinant factor DC. 21 Information obtained from 
these studies, however, should eventually help to pre- 
pare recombinant mammalian cells which can express 
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fully carboxylated factor IX. Such cells may be success- 
fully used to produce much safer recombinant factor 
DC in quantity to substitute the plasma factor DC prep- 
arations currendy in use. 

A novel approach for an alternative haemophilia 
therapy includes somatic gene therapy. l37 - 13 " This 
approach requires an ex vivo or in vivo transfer of the 
normal human factor IX gene (factor DC minigene con- 
structed with the cDNA are widely used) into a target 
tissue of a patient, such as liver where the factor DC gene 
is normally expressed, or other tissues which can sup- 
port long-term production of biologically active 
recombinant factor DC without any deleterious effects. 
If such an approach is developed, it may be able to 
obviate several serious side-effects of the current 
plasma replacement therapy. 

Several cell types including rodent and haemophilic 
dog skin- fibroblasts, 1M - 141 endothelial cells, 142 liver 
hepatocytes, 143 skeletal muscle cells, 144 and keratino- 
cytes 14 ' have been tested for their ability to produce 
biologically active recombinant factor IX in culture. 
Reported recombinant factor DC preparations pro- 
duced in these approaches have varied in their specific 
activities (~70-100% of the plasma factor DC). The 
variations are, in part, due to artifacts of the methods 
used to quantitate the recombinant factor IX secreted 
into medium. This problem, however, was recently 
solved by introduction of a simple pretreating pro- 
cedure using serum with barium sulphate. 14 * 

When genetically modified skin fibroblasts were 
implanted in dermis or subcutaneously in mice or 
rats, recombinant factor DC was transiendy expressed. 
Palmer et al iM> reported that by using recombinant 
retroviruses containing cytomegalovirus promoter or- ■*» 
retroviral long terminal repeat promoter, the recombi- 
nant human factor DC was produced at very high 
levels (~3.4 or 1.6/ug/10* cells/day in normal human 
diploid fibroblasts or in normal rat diploid fibroblasts) 
in culture. When these genetically modified cells were 
implanted into nude mice or rats, transient systemic 
levels of recombinant factor DC reached 0.18 /ng and 
0.022 /tg/ml plasma, respectively. St Louis and 
Verma"' originally reported systemic delivery of 
recombinant factor IX at a transient level of 
—0.1 /ig/ml serum in mice by implanting genetically 
modified mouse skin fibroblasts embedded in collagen 
under epidermis. A very inefficient systemic delivery 
of the produced recombinant factor DC (2-6%) as well 
as promoter inactivation and poor stability of the 
promoter used, were observed. These problems 
obscured the advantage of using skin fibroblasts for 
this purpose. Scharfmann et al, w however, reported 
that use of housekeeping gene promoters such as 
dihydrophorate reductase may overcome some of 
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these problems. Recently, human applications of skin 
fibroblast gene therapy have been reported from 
China."" The MoMLV retroviral expression vector 
■with its LTR as the promoter was used in these 
applications. One of the two mildly affected patients 
who received the therapy has shown a limited, transi- 
ent improvement over several months. This approach 
still needs a substantial amount of systematic testing 
for its efficacy and safety before being applied to 
humans in this country. 

Fully active recombinant human factor DC can be 
produced by rat capillary endothelial cells in culture at 
a level of 0.84p,g/10' cells/day. 14 ' A brief account of 
factor IX production by bovine adrenocortical endo- 
thelial cells is also reported." 1 These results indicate 
that endothelial cells have all the basic properties 
necessary to serve as a drug delivery vehicle for pro- 
ducing recombinant factor DC, 

Skeletal myoblasts as an efficient gene transfer 
vehicle to obtain a high-level production of recombi- 
nant factor IX in the systemic circulation (~1 Mg/ml in 
C3H mice) have been described. MW4J Several important 
findings in this series of work include: (1) skeletal mus- 
cle cells can efficiently express foreign genes including 
factor IX at a high level; (2) skeletal muscle cells have 
mechanisms for post-translational modification pro- 
ducing human factor IX with a very high specific 
activity (81-90%); (3) efficiency of the systemic deliv- 
ery of recombinant factor IX by muscles is surprisingly 
high (> 29%); (4) long-term expression in vivo can be 
achieved; (5) intramuscular implanted myoblasts can, 
not only fuse to host myofibres, but also survive as 
quiescent muscle precursor cells (muscle stem cells, 
presumably as satellite cells), further supporting the 
rationale to utilize myoblast-mediated gene transfer 
for developing a long-term stable gene therapy for hae- 
mophilia B. Extensive efforts targeting liver are in pro- 
gress in multiple laboratories. Expression of human 
factor IX (0,071 /ig/10* cells/day) by rabbit hepato- 
cytes using retroviral vector containing cytomegalovi- 
rus promoter has been reported. 141 Ponder et aL ,S0 
recently reported that implantation of bacterial 
£-galactosidase gene-tagged hepatocytes obtained 
from transgenic mice (C57BL/6) by intrasplenic injec- 
tion resulted in deposition and long-term survival (> 6 
months) of the transplanted cells in parenchyma, 
which amounts to 0.5% of the entire liver. A high-level 
systemic delivery of human o, antitrypsin (~5 jug/ml 
plasma) in a similar approach was also observed," 1 
strongly suggesting that this approach may be feasible 
for developing somatic gene therapy for haemophilia 
B. The direct factor IX gene transfer into rat liver by 
receptor-mediated gene transfer has shown a transient 
expression of biologically active factor IX into circu- 
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lation. 1 " The short-lived expression of factor IX 
observed, however, must be much improved for 
developing a clinically acceptable gene therapy proto- 
col for haemophilia B. 

More recendy, in vivo expression of factor DC by 
taking a route of ex vivo gene transfer with retrovirally 
transduced keratinocytes was reported. 145 The 
expression level was extremely low (■£ 1-2 ng/day/10 6 
cells) and lasted less than a week, suggesting a need for 
more improvement before this procedure can serve the 
purpose. Low level expressions of dog factor DC (~ 6 
ng/ml plasma) was also observed in partially 
hepatectomized haemophilia B dogs after infusion of 
factor retroviral vector. 1 " 

Currently, none of the approaches under investi- 
gation is ready for clinical testing for haemophilia in 
the United States. Within the next 1-3 years one or 
more of these approaches may be highly optimized for 
efficacy and safety, and become feasible for clinical 
applications. 

Conclusion 

To date, over 600 abnormal factor DC genes have been 
studied for their molecular mechanisms. This extensive 
study of factor DC in recent years is largely due to its 
clinical importance, the availability of its complete, 
contiguous nucleotide sequence which was deter- 
mined in 1985, and development of readily usable tech- 
nologies such as polymerase chain reactions. 
Furthermore, its multidomain structure with an amen- 
able size for various protein chemical and recombinant 
DNA manipulations has made factor DC an exciting 
model for studying structure-function ielationships of* 
complex proteins. 

With die enormous amount of data accumulated, 
new important directions of research on factor DC in 
the future appear to be regarding its in vivo role in the 
regulation of thrombosis and haemostasia, alternative 
therapy development including gene therapy and 
recombinant factor DC production for safer protein 
replacement therapy, and its regulation at the gene 
expression level As one of the key factors in the blood 
coagulation cascade, factor DC will continue to serve as 
an invaluable model to provide fascinating insights into 
the intricate mechanism of blood coagulation and its 
regulation. 
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